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NOW—MORE SPEED, MORE 


... to spin down samples faster 
... to rsolate smaller molecules 


Those who use laboratory centrifugation to separate, concentrate, and 
isolate macromolecules now have at their command nearly 200,000 g’s 


of centrifugal force in the rugged, easy-to-operate Model L Preparative 
Ultracentrifuge. 


These higher forces are possible with an increase in the top speed of 
current-production Model L’s from 40,000 to 50,000 rpm—and with 
development of a new, higher-speed angle rotor. The new rotor holds 
100 ml in ten tubes, and at maximum speed generates 198,000 g at the 
outer tube edge—54,000 g more than previous Model L angle rotors. 


Centrifugal separations thus become an even more powerful laboratory 
tool... work can be completed faster ...even smaller proteins, viruses, 
and other molecules can be sedimented. 


For more information on the 50,000 rpm Model L and the new Type 50 
rotor, please write Beckman Instruments, Inc., Spinco Division, Stanford 
Industrial Park, Palo Alto, California, for Data File L-5. 


Beckman: 


Spinco Division 
Beckman Instruments, Inc. 
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N.B.Co. DELIVERS BIOCHEMICALS, NOT EXCUSES! 


A little water won’t dampen our service. If your 
laboratory’s on an island,.our biochemicals reach 
your island...dry. You can plan on 24-hour 
delivery in the U.S.A., a bit longer anywhere 
else. You can also plan on your order being your 
order. N.B.Co. is strong .on accuracy, triple 
checking every order and every mailing label. 
Strong on supply, too, with 2600 different 
biochemicals to fill your every requirement. 
You’ll want to keep N.B.Co.’s 2600-item cata- 
logue in your files. And remember, N.B.Co. has 
the world-wide volume that brings you pure 


biochemicals at lowest prices. If you know what 
you need and 1d it today, call MOntrose 
2-0214, Cleveland, Ohio. 


NUTRITIONAL BIOCHEMICALS CORPORATION 
21010 Miles Avenue «+ Cleveland 28, Ohio 


Send for our free October, 1961 Catalog con- 
taining more than 2600 items. Fill out coupon 
and mail today for your copy. sc 
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IT HAPPENS IN THE MIND... 





At Bell Telephone Laboratories, mathematician Sidney Darlington 
has contributed notably in developing the art of circuit analysis. 


... It is essentially a thing of the mind for it works through concepts, symbols and 
relationships ...%t helps man to analyze and synthesize the complex phenomena of the 
universe and himself... it works in many ways to advance electrical communications: 


IT IS CALLED MATHEMATICS 


At Bell Telephone Laboratories mathe- 
matics works powerfully to solve problems 
involving complex data. For example, engi- 
neers must design and synthesize complex 
systems to process specific signals in precisely 
controlled ways. At the same time the tech- 
nology provides a wide choice of circuits and 
components. Mathematical circuit analysis 
reveals the circuits which can do the job 
most efficiently and economically. 


Intriguingly, too, the mathematical ap- 
proach leads to basically new knowledge. For 
example, it led to the invention of the electric 
wave filter... disclosed a kind of wave trans- 





mission which may some day carry huge 
amounts of information in waveguide systems 
... foretold the feasibility of modern quality 
control...led to a scientific technique for de- 
termining how many circuits must be pro- 
vided for good service without having costly 
equipment lie idle. 


In the continuing creation of new devices, 
technologies and systems, Bell Laboratories 
utilizes whatever serves best—mathematical 
analysis, laboratory experimentation, simula- 
tion with electronic computers. Together 
they assure the economical advancement of 
all Bell System communications services. 


BELL TELEPHONE LABORATORIES 


7 WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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GEL FILTRATION with 


nadex 


= a a 





A technique 


for separation 
of substances 
of different 


molecular sizes. 
Now extended possibilities with 


Typical applications: ey, f E YW a Be aa A Cc T 10O we SS 


Desalting of protein solutions The Sephadex types G25 G50 G75 are available as: 


Fractionation of polymers 


Group separation of biological Coarse industrial uses and when high flow rates 


are important 
extracts 


Medium standard laboratory uses 


Lower limit | Fine experiments where higher resolution is essential 


for complete exclusion: 
Sephadex G — 25 Mw 3,500— 4,500 
Sephadex G — 50 Mw 8,000—10,000 
Sephadex G — 75 Mw 40,000—50,000 


(RR) PHARMACIA UPPSALA SWEDEN 


Representatives Write for our NEW enlarged booklet 


AUSTRIA: Contex Ges. m. b. H., Wien 1, Wipplingerstrasse 25 - AUSTRALIA: Andrew Thom, Ltd., Athom House, 261 Broadway, 
Sydney - BELGIUM: N. V. Société Belge d’Optique, 108, Rue de la Prairie, Gent - DENMARK: A/S Pharmacia, Lindeallé 48, 
Copenhagen — Vanlése - FINLAND: Pharmacia Oy, Alexandergatan 48, Trappa As, Helsing fors ~» FRANCE: Jarre- Jacquin, Recherches 
et Laboratories, 18, Rue Pierre Curie, Paris (V¢) » GERMANY: Pharmacia G. m. b. H., Bad Naubeim, Parkstrasse 12 + GREAT 
BRITAIN: Savory & Moore, Ltd., 60/61 Welbeck Street, London, W. 1. » HOLLAND: Van Oortmerssen N. V., De Ruyterstraat 48, 
The Haque - NORWAY: A/B Pharmacias informasjonskontor, clo Arne Orvig, Darresgate 2, Oslo - SWITZERLAND: Opopharma 
A.-G., Postfach, Ziirich 25 » UNITED STATES: Pharmacia Fine Chemicals, Inc., Sales Office, Box ro1o, Rochester, Minn. 
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now- 
less than 
$2.,200' 
buys 
resolution 
like this: 


























240 250 260 270 


SAMPLE: Benzene Vapor 

REFERENCE: Air 

PATH: 1 cm 

SLIT: 0.04 mm. (manual) 

SCANNING SPEED: 10 my/min. 

CHART SPEED: 1 in./min. 
WAVELENGTH REGION: 230 mu—270 mu 


S$: The DB Ultraviolet Spectrophotometer 
with Beckman Potentiometric Recorder 





tDoes not include optional recorder and power supply. 


@ Wavelength range of 205-770 mu Rarely has a new instrument received such immediate and wide- 
© Resolution to 5 A in the ultraviolet spread acceptance. In less than two years, the double-beam Beckman 
al e Stray light <0.1% at 220 mu DB* Spectrophotometer has established itself as the finest, most 
e Extreme ease of operation dependable instrument in its spectral range at, or even near, its 
@ Direct reading or ratio recording price. Experience with the DB has led a number of larger institu- 
(with recorder) tions to re-order the instrument in multiple quantities. Others are 
e Differential analysis buying their first DBs on the basis of demonstrations, word-of- 
N e Flame photometry mouth testimonials and benefits such as these listed. 
@ AC line operation 


For full details, see your Beckman laboratory apparatus dealer or 





blet @ Photometric scale expansion write for Data File 38-43-03. 
© Compactness (only 23”x 14x29") 

4, e@ Low cost ¥ 

48, 

“ | ={~Lod -4aat-lal INSTRUMENTS, INC. 

48, SCIENTIFIC AND PROCESS 

ma INSTRUMENTS DIVISION 
@TRADEMARK 8.1.1, Fullerton, California 




















LANDOLT-BORNSTEIN 


Zahlenwerte und 
Funktionen aus Naturwissenschaften und Technik 


Numerical Data and Functional Relationships in 
Science and Technology 


NEUE SERIE/ NEW SERIES 


Gesamtherausgabe / Editor in Chief: K. H. HELLWEGE 
To be published in September 1961 


Gruppe I: Kernphysik und Kerntechnik / Group I: Nuclear Physics and Technology 
Band / Volume1 
Energie - Niveaus der Kerne A=5 bis A= 257 
Energy Levels of Nuclei A=5 to A= 257 


Bearbeitet von / Contributors: F. AJZENBERG-SELOVE, N. B. Gove, T. LAURITSEN, 
C. L. McGinnis, R. NAKASIMA, J. SCHEER, K. WAY 
Herausgegeben von / Edited by A. M. Hertwece und K. H. HELLWEGE 


XII, 814 pages 4°. 1961. Cloth DM 212,— 


For Information 


The 6th edition of the LANDOLT-BORNSTEIN has appeared except for a few part 
volumes which will be published shortly. 


The heterogeneity of the material, the differentiation between closed fields of research on 

the one hand and new, rapidly developing fields on the other; as well as the necessity of 

utilizing highly specialized workers in the new fields, no longer justify a new edition of 
the complete LANDOLT-BORNSTEIN in the accustomed form. 


For these reasons not a 7th edition, but a “New Series" of the LANDOLT-BORNSTEIN 
Tables will be published. This “New Series“ will have as principal feature, that the in- 
flexible division into a few subdivided volumes, i. e. the principle of planned subdivision 
is given up. 
May it be emphasized that, in the interest of maximum economy of scientific effort, the 
editors maintain close contact with international and foreign organizations and editors. 
The tables of the energy levels of the nuclei, with which the “New Series“ is inaugurated, 
provides a particularly happy example for this international cooperation. 


The first volume of the “New Series“ of LANDOLT-BORNSTEIN contains the known 

energy levels and transitions for the nuclei from A = 5 to A = 257, The essential part of 

the matcrial are the level and decay schemes. These are supplemented by tables and 
special data. 


Detailed prospectuses are available from every scientific bookseller 


SPRINGER-VERLAG - BERLIN - GOTTINGEN - HEIDELBERG 
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B=T- bb ue Op Ucebecb lei: bebeKohebetel 1m get) 
introduction of their radically 
improved Ultra-violet Filters 
and all-dielectric Visible Spec- 
trum Interference Filters. 


The new ‘block shape’ J port -t-Jel: bole MP beth del) 
Visible Spectrum Filters enables the user to 
obtain the greatest degree of spectral purity. 


If the filter you require is not available in 
stock, normal] delivery time is within thirty 
to thirty-five days. 


Standard filter sizes are 1” x 1" and 2” x 2"; 
other sizes and shapes are available on 
special order. Write for your copy of our new 
filter brochure. 


Engineers and scientists — investigate chal- 
lenging opportunities with Baird-Atomic. Write 
Industrial Relations Department. 














ADVANCED OPTICS AND ELECTRONICS... 


Visible Spectrum 
» 4000A -8000A 
= New block shape mi passband 


s Absorption filters. and/or evaporated 
blocking components provide for 

best: > obeele boo} tole) ebel=aba is helelemaeblel sells 
and improved signal-to-noise ratio 

tlt So - bo t_soobt tp CopeMelend_stel_Me)@el-t_l-_lel- belek 
under 0.1% 

= Half bandwidths from 4.8A to 1600A 
s Total transmission from fully blocked 
filter: up to 70% - 

s Blocking — complete on low side - 
pobt-delt-p(s(- Mol lolel ebel-ahcem-) ae(-t-1_1am.1010107.\ 

[G- Xe lobia topet-3Mlo} (ele) ebel=a- 1M -> aoe: Melel12) 


Ultraviolet Spectrum 


= 2100A to 3400A and 3900A to 3999A 


BAIR? D-ATOM/C, /NC. 


> | 18 university road - cambriage 38, Mass. 


SERVING SCIENCE 









GET YOUR ADVANCE COPY 


of the General Program of the 
AAAS Denver Meeting 
by first class mail — early in December 


The General Program of the 128th Meeting of the AAAS in Denver, 26-31 December 
1961, will be available to you, at-cost, within the first week in December—whether you can attend 
the Meeting or not. 


Program Content 


1. The two-session AAAS General Sessions, “Moving Beta Beta Beta Biological Society, Biometric Society 
Frontiers of Science,” Part I—Speakers: Howard A. (WNAR), National Association of Biology Teachers, 
Meyerhoff and Arthur R. von Hippel: Harrison Brown, Scientific Research Society of America, Society for Gen- 
presiding. Part II—Speakers: Halton C. Arp and E. W. eral Systems Research, Society of Protozoologists, Society 
Fager; Harrison Brown, presiding. of Systematic Zoology, and the Society of the Sigma Xi. 


ho 


. The 29th John Wesley Powell Memorial Lecture. 
Speaker: Glenn T. Seaborg; Paul M. Gross, presiding. 


~I 


. The multi-sessioned special programs of the American 
Astronautical Society (Hugh L. Dryden as dinner 


3. On “AAAS Day,” the four broad, interdisciplinary aks American Physiological Society, American 
symposia—Physics of the Upper Atmosphere; Geochemi- = ee nae grok hap fe of Peeing" Geog: 
sen im eee 5 ee ce Fe cote raphers, Ecological Society of America, National Science 
cal Evolution—The First Five Billion Years; Existing fies Association National Speleological Societ 
Levels of Radioactivity in Man and His Environment; ne 1 still : 1 ‘3 eal Of ag ad 80 ee 
and Water and Climate—arranged by AAAS Sections ANC StH? OUICES, & TOERS OF SORE ey ee 
ae organizations. 
jointly. 6 

4. The Special Sessions: AAAS Presidential Address and 8. The sessions of the Academy Conference, the Confer- 
Reception; Joint Address of Sigma Xi and Phi Beta pie es eg Communication, and the Conference 
Kappa by Harrison Brown; the Tau Beta Phi Address on Scientific Manpower. 
by John A. Logan; National Geographic Society Illus- 9. The sessions of the AAAS Cooperative Committee on 


trated Lecture; and the second George Sarton Memorial 


: the Teaching of Science and Mathematics, of the AAAS 
Lecture by Joseph Kaplan. 


Committee on Science in the Promotion of Human 
5. The programs of all 18 AAAS Sections (specialized Welfare. 

symposia and contributed papers). me 4 4 F y 

Sth ties 10. Titles of the latest foreign and domestic scientific films 


6. The programs of the national meetings of the Ameri- to be shown in the AAAS Science Theatre. 
can Astronomical Society, American Society of Crimi- 
nology, American Nature Study Society, American 11. Exhibitors in the 1961 Annual Exposition of Science 
Society of Naturalists, American Society of Zoologists, and Industry and descriptions of their exhibits. 


Advance Registration 
Advance registration has these decided advantages: (1) You avoid delay at the Registration Center upon arrival; 
(2) You receive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish 
to attend; (3) Your name is posted in the Visible Directory as the Meeting opens. 
The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program. 


la. 1 Enclosed is $3.50 for my advance Registration Fee which brings me the General Program, Convention Badge, and 
all privileges of the Meeting (50¢ is for first-class postage and handling) . 
lb. 1 Enclosed is $2.50 for only the General Program. (It is understood that, if I should attend the Meeting later, the 
Badge-necessary for the privileges of the Meeting—will be secured for $1.00 more.) 
(check la or 1b) 
De REL, NAME GER ie Po ecw orien ees doce wanes 0 oie 0 a dine 6, ny Becks oa ensein gs eam iene a 
(Please print or typewrite) (Last) (First) (Initial) 


3. OFFICE OR HOME ADDRESS 


(For receipt of General Program) 


TS MKHHRSHSSHSHSHOKCEHSHHOHSEEHHERHOOHSEHKRHOCH EHP HK HE DHCS 66h OREO OH OR @ 6 6 6 8 66.8 8 ee ee 


5. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 
6. CONVENTION ADDRESS 


eee ae ee a ee ee ee ee re a et i oe ew a ey AT wl et er eR ry A 


Please mail this coupon and your check or money order for the total amount to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 


ORDERS RECEIVED AFTER 15..DECEMBER 1961 CANNOT BE PROCESSED 
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AT THE MOMENT OF DECISION... 
MORE POSITIVE DIAGNOSIS 





To provide more positive diagnosis ...to speed slide preparation ... to perfect it 
technically and thereby produce exceptional cytological detail in thin undistorted 


sections ... these are the aims and accomplishments of International’s new model 
CT Microtome Cryostat. | 


Everything necessary for precise, frozen sectioning has been conveniently pack- 
aged in one superbly engineered compact instrument. From fresh tissue to fin- 
ished slide in minutes. There is a new, integral Freon fast freezing arrangement. 
Controlled temperatures from —10°C to —20°C are held even with the top open. 
Laboratories significantly speed their seivice. Pathologists get the best possible 


sections to help them achieve diagnostic certainty even under pressure of time. 
Write for our latest brochure. 


INTERNATIONAL (EC) EQUIPMENT CO. 


1284 SOLDIERS FIELD ROAD - 3OSTON, MASS. 


1330 





Accelerators in Biology 


A regular reader of this series 
will not be surprised to learn that 
most ofthe nuclear particle acceler- 
ators which we sell to university 
and government laboratories are 
being used by physical scientists 
to explore the nature and struc- 
ture of physical things. 

Increasingly, however, the life 
scientist is making use of acceler- 
ators to learn more about the liv- 
ing cell and the effects of ionizing 
radiation on complex biological 
systems, including man. This type 
of study has obvious implications 
in general medical research, can- 
cer therapy, space medicine and 
health physics. 

Another area of application — 
one we might call biological engi- 
neering — involves the reduction of 
biological concepts to engineering 

practice. These uses of acceler- 
ators — to extend the shelf life of 
foods for indefinite storage, to 
deinfest cereals and grains or in- 
hibit sprouting in fruits and vege- 
tables and to sterilize drugs and 
pharmaceuticals— hold the prom- 
ise of solving some of the most 
important human problems. 


Typical particle trajectory in target material 





x 
annuus 2 


electron neviron 


Sterilizing with Electrons 


The inactivation or “killing” of 
microorganisms by use of pene- 
trating radiation from particle 
accelerators is a practical com- 
mercial application today. Pro- 
duction sterilization of sutures is 
being successfully carried out with 
High Voltage Engineering micro- 
wave linear accelerators by 
Ethicon, Inc., a division of Johnson 
and Johnson. Similar programs 
have been adopted by other organ- 
izations using Van de Graaffs and 
other types of accelerators. Radia- 





oration... 


“CHARGED PARTICLES” 


tion sterilization facilities, available 
ona rental basis for pilot studies or 
production runs, are being oper- 
ated by Electronized Chemicals 
Corporation at Burlington, Mass. 
and by High Voltage Engineering 
Corporation at Rockford, Ill. 






Energy 
Range 
(Mev) 










Type 
Accelerator 









Insulating Core 
Transformer 


Van de Graaff 
i csnrceccr Linac 








*Uniform electron penetration in unit-density material. 


Since all forms of jonizing 
energy are qualitatively similar in 
their ability to modify and destroy 
all forms of life, you may be inter- 
ested to know the reasons for the 
choice of these machines — and 
their high-energy electron outputs 
—as the radiation source for 
sterilizing applications: 

(1) The ionizing agent should be of 
the type which accelerates electrons 
within the absorber, without producing 
dissociation and degradation in the 
basic material. Protons, alpha par- 
ticles, neutrons, and other heavy 
particles which produce dense 
columns of ionization are ruled out 
by this criterion. 

(2) The ionizing energy should be 
capable of penetrating to an adequate 
depth within or through the absorber 
and should deliver an approximately 
uniform dose. Lack of adequate 
penetration effectively eliminates 
ultraviolet which is restricted to 
films of unit density material about 
100 microns thick. The penetra- 
tion of electrons increases directly 
with accelerating voltage, and in- 
stallations can be designed to as- 

sure adequate irradiation in depth. 

(3) The ionizing energy should be 
available in quantity and at a cost to 
process bulk quantities safely and eco- 
nomically. Although both x-rays 
and gamma-rays meet this re- 
quirement, the processing capabil- 
ity of high-energy electrons is 
usually safer and greater. For 
example 1 kilowatt of output elec- 

tron energy is equivalent to the 

gamma-ray energy released by 





TYPICAL ACCELERATORS AVAILABLE FOR STERILIZATION 


(kw) 


P_4_|_0.13.0.54 | 
ro oser.60 [Sx 10 | 





of cobalt-60 or 
of cesium-137. 


70,000 curies’ 
250,000 curies 
Moreover, the utilization efficiency of 
a directed and scanned electron 
beam is higher than that of diver- 
gent gamma-rays. 


(4) 


The source of ionizing energy 














Electron X-Ray 
Penetration* Yield 
(inches) (r/min — 1m) 


should permit irradiation of the medium 
in any state, including solid, liquid and 
frozen. Irradiation in the dry state 
or frozen liquid state can often 
preserve normal properties of com- 
plex materials otherwise sensitive 
to radiation. This is accomplished 
most effectively and conveniently 
with high energy electron beams 
because of their intense localized 
output and correspondingly rapid 
product throughput. 

(5) The ionizing energy actually ab- 
sorbed in the medium must be capable of 
accurate application, measurement, 
shielding and control. The relative 
simplicity and accuracy of ab- 
sorbed dose measurement and con- 
trol for x-rays, gamma-rays and 
high-energy electrons is about the 
same. Shielding is accomplished 
more readily with electrons, how- 
ever, because of their defined di- 
rection and range and inefficient 
x-ray production at low voltages. 

As a controlled source of nuclear 

radiations, the particle accelerator pro- 
vides a unique and versatile tool for the 
scientific worker as well as a source of 
ionizing radiation for production. Our 
experience, gained in the installation of 
more than 200 accelerators is available 
to help guide any program you may 
undertake. 


HIGH VOLTAGE ENGINEERING 
CORPORATION 


BURLINGTON, MASSACHUSETTS, U.S.A. 


APPLIED RADIATION CORPORATION 


HIGH VOLTAGE ENGINEERING (EUROPA) NV. 
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Investment in Education 


“Economic growth is generated not only by real capital in the form of 
tools and machinery, but also by men. And just as technological improve- 
ment increases the efficiency of machinery, so education increases the 
efficiency of manpower. Indeed, recent statistical investigations tend to 
show that the improvement in the ‘human factor’ accounts for a major 
part of economic growth.” 

The quotation is from one of the working documents for the Confer- 
ence on Economic Growth and Investment in Education, held last week 
in Washington by the Organization for Economic Cooperation and De- 
velopment. If the initials of that organization—OECD—are unfamiliar. 
the organization itself is very new, having come into being on September 
30. But OECD has a longer history as OEEC—the Organization for 
European Economic Cooperation which was established in 1948 to ad- 
minister Marshall Plan aid in the economic reconstruction of Europe fol- 
lowing World War II. 

The change of name and the location of the conference both mark 
the fact that in OECD Canada and the United States have joined 18 
European countries in planning for the economic development not only 
of the West but also of the less developed regions of the world. The topic 
selected for the first OECD conference reflects the growing recognition 
that money spent on education is an investment in a nation’s future. 

The evidence that education constitutes a profitable form of investment 
adds a powerful dimension to educational thinking, but does not, let it 
be immediately agreed, depreciate other values of education. Assistant 
Secretary of State Philip H. Coombs reminded the delegates that “we can 
today talk candidly and openly about the practical economic contribution 
of education without seeming to betray, belittle, or ignore its other vital 
purposes.” 

Considering education as a national investment leads directly to the 
question of how the educational budget can be invested most profitably. 
How much of the total budget should be devoted to education? How 
should the educational fraction be divided among elementary, secondary, 
and higher educational levels? How much should go to technical educa- 
tion? Belgium and Brazil, Germany and Greece must answer such 
questions in terms of their own individual assets, problems, and aspira- 
tions. In the decentralized educational system of the U.S., these questions 
can also be studied on a state-by-state basis. 

The repeatedly recognized fact that economic growth is increasingly 
dependent on specialized competence in science, technology, aad their 
industrial and social management leads directly to the conclusion that 
educational planning must pay special attention to the development of 
these kinds of competence. And this conclusion, in turn, raises several 
demanding implications for scientific and technical education. The re- 
search approach must be more widely applied to education itself. Long- 
range educational planning is essential, but the planning must allow flex- 
ibility to adjust means and details to the changes that take place in sci- 
ence itself. Planning should be cooperative. Economists will carry part 
of the responsibility, for economic analysis and planning lie in their 


area of special competence. But scientists, pure and applied, must share 


the responsibility, for science and its problems, progress, and applica- 
tions constitute their area of special competence.—D.W. 
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CURRENT PROBLEMS IN RESEARCH 





Resonance phenomena in solids have 
been extensively investigated since 
World War II, due primarily to the 
development of microwave techniques 
which were a by-product of the accel- 
erated radar effort in America and in 
England. Magnetic resonance, which 
involves the interaction of the magnetic 
dipole of the electron or the nucleus, 
has until recently been the most popular 
resonance phenomenon investigated, but 
electrical resonance, better known as 
cyclotron resonance, although much 
older, has now come into its own. 
Cyclotron resonance was first encoun- 
tered by ionospheric physicists some 
thirty-odd years ago and more recently 
has been investigated in ionized gases, 
and also with free electrons. However, 
it is in solids that cyclotron resonance 
has demonstrated its tremendous poten- 
tialities as a tool for basic investigations. 
The initial experiments in semiconduc- 
tors represented a dramatic demonstra- 
tion of some of the fundamental predic- 
tions of quantum mechanics as applied 
to solids. These early results constitute 
an experimental proof of the existence 
of energy bands and the effective mass 
of an electron in a solid. 

When a free electron is allowed to 





The author is head of the Solid State Divi- 
sion, Lincoln Laboratory, Massachusetts Insti- 
tute of Technology, Lexington, and director of 
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Cyclotron Resonance 


This phenomenon has proved to be a powerful tool for 
the study of the electronic energy bands in solids. 


Benjamin Lax 


move in the presence of a magnetic 
field, it executes a helical path axially 
about the direction of the magnetic field 
(Fig. 1, left) with a component of the 
velocity (that is unaffected) parallel to 
the magnetic field and a rotational com- 
ponent transverse to the magnetic field 
(Fig. 1, right) whose cyclotron fre- 
quency v- is given by the well-known 
expression 


eH 
m.c 





ieee 
%¥e = Ie 
= 2.8 x 10°H (gauss) Mcy/sec (1) 


In this equation e is the charge of the 
electron, > is its mass, c is the velocity 
of light, and H is the magnetic field. If 
an alternating electric field is oriented 
perpendicular to the magnetic field and 
is superimposed on the system, a small 
oscillatory component is added to the 
rotational motion of the electron. How- 
ever, if the frequency of the alternating 
field is made equal to the cyclotron 
frequency—that is, if ve =v, then the 
motion in the transverse plane will no 
longer be oscillatory but will become 
an ever-expanding spiral in which the 
electric field will be in phase with the 
rotation ‘just as in the dees (/) of a 
cyclotron, so that the electron will 
absorb energy resonantly at every cycle. 

Of course in a practical system, such 
as a gas or a solid, this cannot continue 
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indefinitely, since the electron must 
either collide with a neutral atom or, 
in a solid, with impurities and imper- 
fections in the crystal. If there are no 
such impurities or imperfections, the 
limiting time between collisions is deter- 
mined by the thermal vibrations of the 
lattice, which represent a deviation from 
a perfect crystal and can “scatter” the 
electron and thereby limit its free time 
or collision time, +. The magnitude 
of 7 increases as the temperature of the 
crystal is lowered, since the amplitude 
of the vibrations are decreased. The 
occurrence of collisions gives rise to a 
well-defined absorption peak at the 
cyclotron frequency which is found by 
varying or tuning the magnetic field 
above and below the value correspond- 
ing to cyclotron resonance. 


Resonance in Gases 


Such an experiment was first carried 
out in the ionosphere about 35 years 
ago (2) by propagating waves at radio 
frequencies of the order of 1.5 mega- 
cycles corresponding to the cyclotron 
resonance of the electron in the earth’s 
magnetic field. Subsequently, these ex- 
periments were performed in the labo- 
ratory at higher frequencies, in ionized 
media contained in glass tubes in the 
presence of external magnetic fields of 
the order of several hundred gauss (3). 
Perhaps the most definitive experiment 
was that carried out in a copper micro- 
wave cavity at microwave frequencies 
(3000 megacycles), in which the reso- 
nance phenomenon was observed by 
determining the minimum in the thresh- 
old microwave electric field required for 
ionizing the gas at low pressures (4). 
In addition, the breakdown was con- 
trolled by diffusion of the ionized par- 
ticles to the wall. When both of these 
phenomena were taken into account 
theoretically, the comparison between 
the experimental and theoretical curves 
provided excellent confirmation of the 
analysis, as shown in Fig. 2. The mini- 
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mum in the breakdown corresponds to 
the resonance condition v Sve, since at 
this value of the magnetic field the 
energy transfer between the alternating 
electromagnetic field and the electron 
is a maximum and the field required 
to ionize the gas is therefore minimized. 

In the last decade the intensified ac- 
tivity in plasma research has revived 
interest in cyclotron resonance of posi- 
tive ions in a gaseous medium. The 
objective in this case is to permit an 
efficient energy exchange between a 
radio-frequency source and the positive 
ions in order to heat up the fully ionized 
gas to energies sufficiently large to initi- 
ate a thermonuclear reaction. Although 
this scheme has not succeeded, a num- 
ber of interesting experiments involving 
the resonance of charged nuclei have 
been performed. Since the nucleus is 
much heavier than the electron, the 
resonance equation, which states that 
the frequency is inversely proportional 
to the mass, gives for the proton a 
frequency 


v= 1.5 H (gauss) kcy/sec (2) 
where the frequency, v, is in kilocycles 
per second and the magnetic field is in 
gauss. Thus, for fields of the order of 
10,000 to 20,000 gauss, which are 
obtainable in large coils, the correspond- 
ing frequency is from 15 to 30 mega- 
cycles per second. 

In a fully ionized plasma, at low 
pressures of the order of 1 micron of 
mercury, the electron density is approxi- 
mately 10” per cubic centimeter. Nor- 
mally there is a cutoff or critical fre- 


H 





ne 


quency associated with such a plasma, 
due to the electrons, whose frequency 
Vv» is given by the relation 


me 
1 Ne 
My => /— (3) 


an * Mo 


where N is the electron concentration 
per cubic centimeter, e is the electric 
charge, and m is the electron mass. 
Below this critical frequency the radio 


wave is reflected by the plasma. The 
value for the frequency is given by 
vy = 9 X 10° N} cy/sec (4) 


Consequently the cutoff frequency for 
an electron concentration of 10” per 
cubic centimeter corresponds to ap- 
proximately 3 x 10” cycles per second 
—well into the microwave region. The 
depth of penetration, 8», of the electro- 
magnetic field into the plasma is of the 
order of the wavelength at this fre- 
quency—namely, 1 centimeter. This is 
much too small for effective heating of 
ions in a large volume of gas, since only 
the surface of the plasma is affected. 
Fortunately, however, the use of a high 
magnetic field can serve to decrease the 
effective plasma frequency of the elec- 
trons and, in accordance with the fol- 
lowing relation, increase the penetration 
depth 6 into the plasma, so that 





5 = 5, (»)4/r (5) 


where v. is the cyclotron frequency of 
the electron and v is the radio fre- 
quency of the electromagnetic wave of 


ae 


Vo 


Fig. 1. (Left) Helical motion of electron about a magnetic field H with transverse micro- 


wave electric field E. (Right) Spiral motion of electrons in transverse plane on resonance; 


that is, cyclotron frequency ». is equal to microwave frequency »p. 
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400 —_ = 
{0 ! ! L l ! 
fe) {000 2000 3000 
B, MAGNETIC FIELD (gauss) 
Fig. 2. Ionizing field for breakdown of 


helium gas at 1 millimeter pressure in a 
cylindrical microwave cavity at 3000 Mcy/ 
sec. Solid line, theoretical curve; points, 
experimental data. [After B. Lax, W. P. 
Allis, and S. C. Brown (4)] 


the resonance of the ions. The former, 
for 20,000 gauss, corresponds to a fre- 
quency of 5.6 x 10” cycles per second, 
and therefore the penetration depth is 
increased in excess of 1 meter, so that 
the radio-frequency energy can now 
permeate the entire plasma, which might 
be several feet in diameter in a practical 
experiment. 

In carrying out such an experiment, 
the technique requires that the ionized 
gas contained in a large discharge tube 
be surrounded by a coil which is ener- 
gized by a high-frequency generator. 
As the ions absorb energy resonantly, 
the load on the generator becomes no- 
ticeable and can be measured in terms 
of the power output into the plasma. 
One contributing reason for the failure 
to energize the plasma to the desired 
ion energies by cyclotron resonance 
heating is that the ion acquires greater 
and greater energy and a so-called run- 
away condition ensues which makes the 
ion cloud much more highly conduct- 
ing, until the conductivity of the gas 
becomes comparable to that of a metal. 
Under these conditions, once again the 
electromagnetic radiation of the radio 
frequency fails to penetrate the entire 
plasma, and the process becomes essen- 
tially self-limiting. Nevertheless, from 
a scientific point of view the observation 
of cyclotron resonance of ions or a 
mixture of ions can be successfully 
accomplished and has been observed in 
the experimental Stellarator at Princeton 
(5), as shown in Fig. 3. This curve 
demonstrates the resonance absorption 
of hydrogen and helium ions as the 
magnetic field is varied for fixed radio 
frequencies. 
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Resonance in Solids 


Cyclotron resonance experiments in 
solids are performed in an entirely dif- 
ferent manner and provide very differ- 
ent types of information. In the first 
place, if we are to carry out these ex- 
periments at microwave frequencies, as 
previously stated, it is necessary that the 
mean free time, 7, between any scatter- 
ing events due to impurities, imperfec- 
tions, or vibrations of the lattice be 
reduced in such a way that the product 
of the angular frequency » equals 27y 
and the relaxation time is greater than 
unity—that is, wr > 1. This means that 
the electron describes more than a ra- 
dian of its arc during one cycle of the 
alternating field before it is scattered. 
When this condition is fulfilled, then 
the absorption as a function of the 
magnetic field has a well-defined maxi- 
mum or resonance peak, which becomes 
sharper as the product w7 increases. 
This is indicated in Fig. 4. In order to 
achieve the above condition, it was 
found necessary to purify the material 
to an extremely high degree and to 
grow crystals of extreme perfection, in 
which the imperfections could not be 
detected by modern metallurgical tech- 
niques under the most powerful electron 
microscope. 

In 1953, when this experiment was 
contemplated, the only two materials 
that possessed these remarkable quali- 
ties of perfection were germanium and 
silicon. The foreign chemical impurities 
were reduced to less than 1 part in a 
billion by chemical refining and the 
development of zone refining, which 
further segregated and removed the im- 
purities. Although the resultant single 
crystals were mechanically perfect, nev- 
ertheless, it was necessary to immerse 
the crystal in liquid helium in order to 
reduce the vibrations of the atomic 
lattice, so that the scattering of the elec- 
tron due to this effect would be suffi- 
ciently low to permit observation of a 
well-defined resonance. 

The use of liquid helium, however, 
created another problem, but this was 
not too difficult to overcome. Semi- 
conductors at these temperatures lose 
their electronic conductivity and for all 
practical purposes become insulators. 
This occurs because the electrons are 
no longer free to wander throughout 
the crystal but become trapped by the 
residual impurities (10"/cm’*),*since the 
binding energy due to the Coulomb at- 
traction of the impurity is greater than 
the energy of the thermal vibrations of 
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the lattice at these low temperatures. 
This situation is actually not a disad- 
vantage, since it makes it possible 
to control the number of free conduct- 
ing electrons that are introduced into 
the crystal for resonance. If the con- 
centration of free electrons is too great, 
the microwave field cannot penetrate the 
semiconductor material because it be- 
haves essentially like a metal, which 
reflects the electromagnetic energy. Two 
methods have been used to reionize the 
weakly bound electrons. The first in- 
volved the use of microwave energy of 
the order of milliwatts, which was suffi- 
ciently high to ionize 10° to 10” elec- 
trons per cubic centimeter by an ava- 
lanche process similar to that in a fluo- 
rescent lamp, but of course at a much 
lower power level. The other technique 
was to use infrared and optical radiation 
of sufficiently high energy to break the 
weak electrical bond of the electron to 
the impurity, or the stronger bond to 
the crystal itself, in order to create con- 
ducting ‘electrons. 

Such experiments in the two classic 
materials, germanium and silicon, turned 
out to be successful beyond expectation. 
One of the first demonstrations that was 


made was a direct proof of the existence 
of “holes” in semiconductors. A_ hole 
is an electric carrier which has an effec- 
tive positive charge opposite to that of 
the electron. It is created in a semi- 
conductor by the removal of an electron 
from the chemical bond; the semicon- 
ductor is then in a conducting state and 
a positive charge is left behind at the 
broken bond. However, since an elec- 
tron in a neighboring atom which is 
bound to the crystal can readily jump 

















We 77) 


Fig. 4. Microwave power absorption P as 
a function of magnetic field or v./v, where 
v. is the cyclotron frequency of Eq. 1, 
P, is the absorption at zero magnetic field, 
r, is the relaxation or collision time, and 
w equals 27, the angular frequency of the 
microwave field. 
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Fig. 5 (left). Cyclotron resonance trace in germanium at 4°K and 23,000 Mcy/sec. The orientation of the magnetic field was selected 


to show the eight resonances observed in germanium [after R. N. Dexter, H. J. Zeiger, and B. Lax (36)]. 


Fig. 6 (right). Variation 


of apparent effective mass with magnetic field in indium antimonide at room temperature [after B. Lax, J. G. Mavroides, H. J. Zeiger, 


and R. J. Keyes]. 


into the vacancy left by the first elec- 
tron, the positive charge moves in a 
direction opposite to that of the jumping 
electron. Thus, in the presence of an 
electric field, this electrical vacancy, or 
hole, behaves as a positive charge. 

The existence of this hole was demon- 
strated in two different ways by groups 
at Berkeley and at the Lincoln Labora- 
tory (6), respectively, who had pio- 
neered in these resonance experiments 
in semiconductors. The Berkeley group 
(7) used circularly polarized radiation 
in which the radio-frequency electric 
field rotated in a plane perpendicular 
to the magnetic field in a counterclock- 
wise direction. Now, if an electron is 
assumed to rotate in a clockwise direc- 
tion, resonance can only be observed if 
the circular polarization is in the same 
sense. - Similarly, for a hole which ro- 
tates in the counterclockwise direction, 
it is the polarization in the counter- 
clockwise sense that gives resonance 
absorption. The Lincoln group (8) re- 
sorted to techniques developed by the 
transistor people, who in essence dem- 
onstrated by this device the existence 
of the two kinds of carriers—holes and 
electrons. They took germanium, which 
had an excess of impurities with a val- 
ence of either five or three. In the case 
of an impurity with a valence of five, 
an excess electron is trapped at low 
temperatures, whereas for the impurity 
with a valence of three, a hole is 
trapped at the impurity Coulomb center. 
Upon ionization by the microwave field, 
these semiconductors conduct by elec- 
trons or holes, respectively, depending 
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upon the valency of the impurity. The 
experiments were then repeated, but this 
time with excitation by infrared and 
optical wavelengths to demonstrate the 
existence of holes and electrons. By 
means of appropriate filters it was pos- 
sible to filter out wavelengths at the 
higher energies, corresponding to optical 
radiation, and to permit only infrared 
radiation of low energy to strike the 
crystal. Thus in n-type and in p-type 
germanium, the infrared preferentially 
excited the electrons and the holes, re- 
spectively. However, when a quartz rod 
was used to transmit the energy of an 
incandescent source, the infrared light 
was filtered out and the “white light” 
at the optical frequency irradiated the 
crystal and was of sufficient energy to 
remove the electrons from their normal 
chemical bond, thereby simultaneously 
creating hole-electron pairs so that reso- 
nance lines of both carriers were ob- 
served, as shown in Fig. 5. 

Figure 5 clearly illustrates a remark- 
able experimental manifestation of the 
consequences of quantum mechanics as 
applied to solids. Not only does it show 
the existence of the hole, which is a 
direct consequence of this theory, but 
it shows multiple resonances of both 
holes and electrons, which can only be 
explained by tse quantum theory of 
energy bands. Before these experimen- 
tal results were obtained, Shockley (9) 
had hypothesized the possible existence 
of such multiply degenerate energy 
bands, which would give rise to many 
resonance peaks. This was dramatically 
demonstrated. by the discovery of the 


anisotropy of the resonances by the 
Lincoln group—a finding which, al- 
though differing in detail from these 
theoretical predictions, nevertheless 
agrees in principle. When the crystal 
was rotated in the magnetic field it was 
observed that the resonance peaks oc- 
curred at different values of the mag- 
netic field, and in certain high-symmetry 
directions of the crystal only a single 
resonance peak for the electrons was 
observed. The detailed interpretation of 
these results elucidated the electronic 
band structure of germanium and sili- 
con and set off a chain reaction of 
theoretical and experimental work 
which accounted for the electrical, mag- 
netic, and optical properties of these 
materials. 


Infrared Resonance 


The important consequences of the 
cyclotron-resonance results in germani- 
um and silicon prompted a vigorous 
effort to apply the microwave tech- 
niques to other semiconductors. Partial 
success was achieved in indium antimo- 
nide, and the mass of the electron was 
measured (J0). This was found to be 
0.013 mo, where mo is the mass of the 
free electron. No definitive new data 
in semiconductors were obtained until 
1959 when a number of II-VI com- 
pounds (JJ) such as cadmium sulfide, 
cadmium arsenide, and zinc arsenide, 
were obtained in sufficiently pure form 
to provide well-resolved spectra (/2). 

However, in the meantime, in order 
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to overcome the difficulties posed by the 
relatively impure semiconductors, it be- 
came apparent that cyclotron resonance 
at higher frequencies would be the solu- 
tion. The logic in this is evident from 
the required relation wr > 1. Since +r is 
determined by the impurities in most 
materials, with a value of the order of 
7~10™ sec, the frequency » dictated 
by the above relation is »y~6 xX 10”, 
which corresponds to a wavelength of 
50 microns in the far infrared. From 
the fundamental resonance equation it 
becomes evident that if the frequency 
is increased by several orders of magni- 
tude, the magnetic field required for 
resonance increases in proportion. Even 
for a small electron mass, as in indium 
antimonide, the field required at these 
wavelengths is approximately 50,000 
gauss. Indeed, the Naval Research 
Laboratory group which first observed 
infrared cyclotron resonance in indium 
antimonide at 40 microns used a large 
solenoid with a field of this order of 
magnitude (1/3). Shortly thereafter the 
group at Lincoln Laboratory (/4) per- 
formed a similar experiment at shorter 
wavelengths (from 10 to 20 microns), 
using pulsed magnetic fields as large as 
300,000 gauss. The fields were obtained 
by discharging a large condenser bank 
through a small but rugged solenoid. 
The effective masses (deduced accord- 
ing to Eq. 1 from the data, which were 
recorded on a Polaroid film) showed a 
decided dependence on magnetic field. 
The theoretical interpretation of this 
experiment, as indicated in Fig. 6 by 
the solid curve, truly represents a se- 
quence of triumphs for the quantum 
theory of solids. Not only does it give 
a unique confirmation of the theoreti- 
cally predicted form of the energy 
bands (/5), but it requires a quantum 
mechanical model for cyclotron reso- 
nance in terms of quantized magnetic 
levels with a superimposed fine struc- 
ture due to an anomalous electron spin, 
which splits the magnetic levels. The 
magnitude of the electron spin was also 
accounted for theoretically in terms of 
the quantum treatment of the energy 
bands and was shown to be 25 times 
that of the normal electron (1/6). 
Without delving into the mathemat- 
ics, one can construct a physical picture 
of cyclotron resonance which describes 
the essence of the theoretical treatment 
involved in obtaining the solid curve of 
Fig. 6. It can be shown from the quan- 
tum theory that when an electron finds 
itself in a magnetic field, the energy 
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CYCLOTRON 
RESONANCE 
TRANSITIONS 


Fig. 7. Nonparabolic electron energy band in indium antimonide. (a) Energy & plotted 
against momentum p. For comparison the &-p relationship for a parabolic band is also 
indicated (dashed line). (b) Nonuniformly spaced magnetic level structure for conduc- 
tion band with spin splitting (arrows indicate spin up, spin down). 


levels associated with this electron are 
quantized in energy, as indicated in 
Fig. 7, where each discrete magnetic 
level is designated by a number, from 
zero on up. The energy &» of these 
levels in a simple parabolic band, where 
the energy € and momentum p have 
the relationship 


E = p*/2m*, (6) 


is given by the relation 


Ex=(n+3) hv. (7) 


where /: is Planck’s constant and m* 
is the effective mass. In this case these 
are equally spaced energy levels with 
properties analogous to a harmonic 
oscillator, except that the energy spac- 
ing corresponds to the cyclotron fre- 
quency. 

For indium antimonide the situation, 
as mentioned previously, is a little bit 
more complicated because the energy- 
momentum relation is not parabolic, but 
the curvature decreases as a function 


~ 
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of energy, as shown in Fig. 7. Hence, 
the quantum theory tells us that the 
energy-level spacings become closer for 
higher energy or increasing values of 
the quantum number n. In addition, the 
energy level is split by the electron spin; 
this is largely due to its anomalous 
character and is also indicated in the 
figure. In terms of the language of the 
quantum theory, cyclotron resonance 
corresponds to absorption of an infra- 
red photon in which the electron is 
taken from state zero to state unity with 
the spin conserved as indicated. Thus, 
in terms of the two transitions shown 
in the diagram, each with the proper 
statistical weighting, the theoretical 
curve of Fig. 6 was obtained (/7). 
Such cyclotron resonance experiments 
have been carried out in such materials 
as indium antimonide with more modest 
fields and longer wavelengths (of the 
order of 100 microns) and also in in- 
dium phosphorus, indium arsenide, and 
other, similar intermetallic semiconduc- 
tors with small effective masses (/8). 
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Fig. 8. Nonresonant cyclotron absorption in a metal. 
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Resonance in Metals 


Early in the game those of us who 
were interested in cyclotron resonance 
in solids contemplated the possibility of 
carrying out experiments in metals simi- 
lar to the experiments in semiconduc- 
tors. Relatively simple theoretical anal- 
ysis indicated that this type of reso- 
nance was not possible at microwave 
frequencies, although some of the 
metals considered could be obtained in 
sufficiently pure crystalline form. The 
obstacle to observing resonance absorp- 
tion at microwave frequencies was cre- 
ated by the existence of the high elec- 
tron concentration found in_ these 
metals. Metals which are nearly perfect 
reflectors at infrared and optical fre- 
quencies are also good reflectors at 
microwave frequencies. However, it 
was shown theoretically that a small 
amount of energy is nevertheless ab- 
sorbed in a thiri layer of the metal sur- 
face within a depth known as the “skin 
depth” (/9). Furthermore, this absorp- 
tion is nonresonantly dependent upon 
magnetic fields, as shown in Fig. 8. 
This type of nonresonant cyclotron-reso- 
nance absorption phenomenon was first 
observed in bismuth by the groups at 
Bell Telephone Laboratories (20) and 
at Lincoln Laboratory (2]). The latter 
group demonstrated that it was possible 
to deduce the cyclotron resonance from 
such data by taking the derivative as 
a function of magnetic field, as shown 
in Fig 7b. Subsequently, the Bell Tele- 
phone group, using this technique, ob- 
tained very striking and significant re- 
sults in graphite (22), which are shown 
in Fig. 9. The data, in addition to the 
fundamental adsorption associated with 
both holes and electrons in this material, 
also exhibited harmonic absorption. The 
interpretation of the results of this ex- 
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Fig. 9. Derivative of the power absorption 
plotted against magnetic field H for circu- 
larly polarized radiation at 24,000 Mcy/ 
sec, at normal incidence on (001) plane of 
graphite at 1.1°K. [After J. K. Galt, W. A. 
Yager, and H. W. Dail, Jr.] 
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periment played an important role in 
the development of the quantum theo- 
retical model of the energy bands in 
this material (23). Similar and more 
extensive studies on bismuth and bis- 
muth antimony alloys resulted in a more 
accurate determination of the effective 
mass tensor (24) of electrons and holes 
in these metals (25). In interpreting 
the results of the nonresonant absorp- 
tion, the Bell Telephone group utilized 
the extrapolation of the high-field-reso- 
nance portion of Fig. 8a, as indicated 
by the dotted line, in order to identify 
the cyclotron resonance value of the 
magnetic field as the intercept at zero 
power. Nonresonant absorption has also 
been observed and studied in antimony, 
whose properties are very similar to 
those of bismuth (26). 

Following the initial work on non- 
resonant absorption in metals, another 
problem, known as the anomalous skin 
effect, received attention in these highly 
conducting materials at low tempera- 
tures. The term anomalous skin is asso- 
ciated with the finite but small penetra- 
tion of microwave energy into the 
metal. This penetration is usually of the 
order of a few microns or less. At low 
temperatures in pure materials, it can 
be considerably smaller than the mean 
free path of the electron—smaller by 
one or two orders of magnitude. This 
gives rise to a very interesting behavior 
of the electron in the presence of a 
magnetic field as it moves on its tra- 
jectory in and out of this finite penetra- 
tion depth. 

The problem was formulated mathe- 
matically by two Russian theorists (27), 
who predicted that if the magnetic field 
were parallel to the surface of the metal, 
a new type of cyclotron resonance phe- 
nomenon could be observed. They 
showed that some electrons in their 
helical motion about the magnetic field 
would repeatedly come in and out of 
the skin, as shown in Fig. 10, and with 
an appropriate phase relation between. 
the microwave electronic field such that 
a new cyclotron resonance condition 
could be satisfied. If the frequency of 
the microwave field is an integral mul- 
tiple of the cyclotron frequency 


v=Npe (8) 


then, corresponding to each value of the 
number n, there would be a resonance 
peak. Indeed they calculated theoretical 
curves, similar to that indicated in Fig. 
11 (bottom), which showed this be- 
havior. Within about a year a number 


’ 








ant 


Fig. 10. Orbital motion of an electron in 
and out of the anomalous skin region § of 
a metal (Azbel-Kane effect). 


of experimentalists confirmed these pre- 
dictions in a rough but convincing fash- 
ion in such materials as copper, bis- 
muth, and tin (28). In due time, as 
the techniques were improved and pure 
materials were made available, such 
resonance absorption was more dis- 
tinctly observed in greater detail and 
structure in a number of metals. One 
of the recent results obtained in copper 
is shown in Fig. 11 (top) and bears a 
remarkable resemblance to the theoreti- 
cal curve. Other materials which have 
been investigated include antimony, 
zinc, lead, aluminum, cadmium, sodium, 
and potassium (29). 


Discussion 


With each passing year, more and 
more researchers have begun to under- 
take investigations of cyclotron reso- 
nance. At the moment, if one can 
hazard a guess, only a handful, perhaps 
a dozen groups, are engaged in investi- 
gating cyclotron resonance in plasmas 
throughout the world. The situation in 
solids is somewhat more encouraging; 
in the United States alone there are 
probably a dozen independent investi- 
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(theory ) 
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0.50 
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Fig. 11. (Top) Experimental curve of 


cyclotron resonance absorption in copper 
under anomalous skin conditions; (bot- 
tom) theoretical curve. [After A. F. Kip 
in The Fermi Surface (37)] 
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gators, and a somewhat smaller num- 
ber are scattered in other countries, 
primarily in England, France, Holland, 
and Russia. In the case of semicon- 
ductors, the most recent advances in- 
volve the use of millimeter techniques 
as well as infrared radiation. 

Perhaps one of the most exciting 
recent results in work with the millime- 
ter spectrometer was the observation of 
the so-called quantum effects of holes 
in germanium (30), which are associ- 
ated with the complex energy bands in 
this material—another instance of ex- 
perimental confirmation of theoretical 
prediction based on the quantum theory 
(31). For example, if we compare the 
resonance spectrum at 2 millimeters, as 
shown in Fig. 12, to that at microwave 
frequencies, shown in Fig. 5, we find 
that there are, in addition to the normal 
electron and normal hole resonance, a 
large number of resonance peaks at in- 
termediate magnetic fields which are 
accounted for by the theory. The inter- 
pretation of these new lines is analogous 
to that used in explaining the infrared 
absorption in indium antimonide, in 
which we talked in terms of electron 
transitions between discrete neighboring 
magnetic levels. In this case the mag- 
netic-level structure is much more com- 
plex than before. Another important 
achievement of the millimeter tech- 
niques has been the recent observation 
of cyclotron resonance in diamond by 
the Lincoln group (32). The study of 
resonance in metals is also being ad- 
vanced by the millimeter techniques, 
since the line structure is better resolved 
and more easily analyzed, particularly 
when the spectrum has several compo- 
nents and is anisotropic as well. The 
use of the higher frequencies permits 
better definition of the anisotropy plot 
of the resonances and should lead to 
further elucidation of the energy bands 
in metals. With the availability of 
higher magnetic fields, of the order of 
100,000 gauss and more, it should be 
possible to extend these measurements, 
both for semiconductors and metal, into 
the submillimeter region and thus ex- 
amine materials at higher resolution, 
and investigate materials not now ame- 
nable to investigation. 

Moreover, from study of cyclotron 
tesonance, devices are being designed 
that may play an important role in 
advancing scientific investigations in the 
difficult region of the electromagnetic 
spectrum known as the submillimeter 
and far-infrared regions, which span the 
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Fig. 12. Cyclotron resonance in germani- 
um at 2 millimeters pressure (150,000 
Mcy/sec), showing added structure due to 
quantum effects of holes. [After J. J. Stick- 
ler, C. J. Rauch, H. J. Zeiger, and G. S. 
Heller] 
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Fig. 13. Energy diagram and transitions 
illustrating the principle of operation of a 
cyclotron resonance maser. 


wavelength range of 50 to 1000 mi- 
crons. The first device, a cyclotron 
resonance photodetector, requires a rel- 
atively pure sample of indium antimo- 
nide, which is to be used at liquid- 
helium temperatures with a supercon- 
ducting electromagnet capable of 
achieving 25,000 gauss in a small gap. 
The superconducting coils of this mag- 
net, which consist of niobium wire, are 
energized by a small battery which can 
vary the magnetic field, so that cyclo- 
tron resonance absorption in the semi- 
conductor can serve as a tunable photo- 
detector at wavelengths from 60 mi- 
crons on up, in the far-infrared to the 
millimeter region. This device is an 
extension of the original work done by 
the group at the Royal Radar Establish- 
ment on an indium antimonide sub- 
millimeter photodetector (33). 

Perhaps the most exciting and diffi- 
cult invention that is to use the phe- 
nomena discussed in this article is the 
cyclotron resonance maser (34). Theo- 
retical analysis indicates that such a 
device should be feasible and would 
utilize, in addition to cyclotron reso- 
nance, another newly observed phe- 
nomenon, known as the oscillatory mag- 
netoabsorption in semiconductors (35). 
When a magnetic field is superimposed 
on a semiconductor, magnetic levels are 
created not only for the electrons but 
for the holes as well. Therefore, on the 
energy diagram shown in Fig. 13, the 
levels become quantized both in the 
conduction band and in the valence 
band, which are separated by a for- 
bidden region in energy space corre- 
sponding to the energy gap &» associated 
with the semiconductor. Now, if an 
infrared or optical photon irradiates the 
semiconductor and its energy is greater 
than that of the energy gap (hv>&»), 
then it is possible to excite an electron 
from a magnetic level in the valence 
band to one with the corresponding 
quantum number in the conduction 
band, which is normally empty of elec- 
trons. This means that the population 
of level 3 becomes much greater than 
that of level 2, creating an abnormal 
situation designated as an inverted pop- 
ulation. This type of inversion has been 
put to use in other types of masers by 
placing the sample in a resonant struc- 
ture, which in this instance would be 
an interferometer resonant to the cyclo- 
tron frequency, which corresponds to 
the energy separation of levels 2 and 3 
in the conduction band. Under these 
circumstances, a random photon at this 
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resonance frequency, which is always 
present, can induce an electron to jump 
down from level 3 to level 2, the loss 
of energy creating another photon of 
the same energy which, in turn, induces 
a second electron to do the same, and 
so on. This avalanche process can go 
on indefinitely and can be maintained 
to give a coherent oscillation at these 
wavelengths if the energy balance be- 
tween the optical pump and the losses 
in the system is appropriately achieved. 
Numerical estimates indicate that this 
is now possible if the optical pump is 
the output of an optical maser, which 
is now available, and if one uses large 
magnetic fields of the order of 100,000 
gauss, which are also on hand. With 
the variety of materials and sources now 
contemplated, it appears that highly 
monochromatic sources in the energy- 
starved region of the far-infrared and 
submillimeter wavelengths may be pos- 
sible. Furthermore, these sources would 
be tunable and would provide energy 
and resolution many times greater than 
any now obtainable. 

In conclusion, it is evident that cyclo- 
tron resonance has proved to be a very 
useful and powerful tool for funda- 
mental investigations in solids and may 
yet prove to have equally important 
application in the design of practical 
devices for exploiting plasmas and for 
providing much-needed infrared sources 


and detectors. Undoubtedly a number 
of unexpected and significant new de- 
velopments other than those discussed 
here lie before us in this fast-moving 
and exciting field of resonance re- 
search. 
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Who Participates in 
Local Politics and Why 


The better-off citizen is more active, but so is the 
citizen who encounters social and economic barriers. 


Why do individuals vary in the 
amount of influence they exert on local 
political decisions? 

To influence another person, one 
needs resources or inducements. How- 
ever, some persons use more of their re- 
sources on politics than others do. If 
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we put to one side the question of varia- 
tions in the efficiency or skill with which 
different persons use their resources for 
political purposes, then influence over 
local decisions should increase with the 
amount of resources one uses. 
Considerations such as these have led 
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to radically different theories about the 
structure of influence in local politics. 
According to one kind of theory, some 
important resources seem to be distrib- 
uted rather evenly among the great 
body of citizens. Nearly everyone can 
vote, information about local affairs is 
accessible, problems of local policy are 
close to the experience of the average 
man, citizens can easily get in touch 
with their officials, and so on. Hence, it 
is said, influence over local decisions is 
likely to be distributed rather evenly 
among citizens. According to another 
theory, however, certain important re- 
sources are distributed very unevenly in 
almost every modern American town 
and city—chiefly wealth, income, social 
standing, control over jobs, and control 
over the mass media. In these respects, 
it is said, the American community is 
highly stratified. Hence, it is argued, in- 
fluence over local decisions is likely to 
be distributed very unevenly; citizens 
who are best off with respect to wealth, 
income, social standing, and so on will 
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also exert decisive influence over local 
decisions. 

The first theory has been tested by 
little more than arm-chair speculation. 
A number of recent community studies, 
on the other hand, purport to have con- 
firmed the second. 

However, neither theory takes very 
strongly into account the possibility that 
individual citizens may vary a great deal 
in the extent to which they use what re- 
sources they have for political purposes. 
Even if all political resources were dis- 
tributed evenly, some citizens might ap- 
ply their resources more fully to politics, 
and thus, presumably, might gain more 
influence. Conversely, even if some po- 
litical resources are distributed unequal- 
ly, some citizens might compensate by 
exploiting to the full what meager re- 
sources they have, and thus, presum- 
ably, they might offset the influence of 
the better-off strata of the community. 

Thus, our initial question now be- 
comes: Do individuals vary in the 
amount of political resources they use 
in order to influence local decisions? 
And if so, why? 

The more obvious reasons why in- 
dividuals may vary in their use of po- 
litical resources are as follows. 

1) Because of differences in access 
to resources. On the average, over a 
large population it is reasonable to ex- 
pect that the more resources one has, 
the more resources one will use to gain 
influence. For example, if everyone 
simply used the same proportion of his 
resources for political purposes, ob- 
viously, the greater his resources, the 
more he would use. 

2) Because of differences in estimates 
as to the probability of succeeding in 
an attempt to influence decisions. A per- 
son who is pessimistic about his chances 
of influencing government policies is 
less likely to use his resources than one 
who is optimistic. 

3) Because of differences in alterna- 
tive opportunities for using one’s re- 
sources to achieve other goals. For ex- 
ample, a young unmarried lawyer with 
few clients is likely to spend more of his 
time on politics than an older lawyer 
with a family, a large clientele, and an 
active social life. 

4) Because of differences in estimates 
as to the value of a successftil effort. The 
greater the benefit one expects from a 





The author is Eugene Meyer professor of po- 
litical science, Yale University, New Haven, Conn. 
This article, in a slightly modified form, is appear- 
ing as a chapter in Dr. Dahl’s forthcoming book, 
Who Governs? Democracy and Power in an 
American City, to be published by the Yale Uni- 
versity Press. 
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Table 1. Campaign participation in New Haven, by kinds of activities; N, 525 registered voters. 











: “Yes” 
Question 
% N 
1. Does anyone from either party call you up during campaigns to 
talk to you? 60 320 
2. Do you talk to people during campaigns and try to show them 
why they should vote for one of the parties or candidates? 33 172 
3. Do you give money or buy tickets or do anything to help the 
campaign for party or candidate? 26 139 
4. Do you go to political meetings, rallies, dinners, etc.? 23 119 
5. Have you ever taken part in a party’s nominations? 9 44 
6. Do you do other work for a party or candidate? 8 42 
7. Have you ever held an office or had a job in a political party? 5 25 
8. Do you belong to any political club or organization? 4 22 
9. Have you ever held public office? 1 6 





favorable outcome, the more likely one 
is to invest resources in an attempt to 
influence the decision. The benefit ex- 
pected from a favorable decision need 
not be in the form of money, of course; 
it might be any one or a combination of 
a great variety of things that human be- 
ings like—security, personal prestige, 
social standing, the satisfaction of being 
on the winning side, specific liberties, 
justice, votes, popularity, office, and so 
on. The list is endless. 

Why do individuals vary in these four 
respects? For one thing, there are sev- 
eral important subjective sources of in- 
dividual variation. (i) Individuals vary 
in their goals or the standards of value 
they use to appraise different events 
and possibilities. (ii) Individuals vary in 
their predispositions. For example, pes- 
simism or optimism is often more than a 
transitory view of a particular political 
situation; frequently it is a persistent, 
generalized, stable orientation toward 
politics or even toward life situations 
of all sorts. (iii) Individuals vary in their 
information about the political system— 
how it operates, the decisions that are 
being made, what the outcomes are likely 
to be, how probable this or that event is, 
and so on. (iv) Individuals vary in the 
ways they identify themselves with 
others; the people who matter most to 
one person are almost certain to be dif- 
ferent from the people who matter most 
to someone else. 

There are also important variations 
in the objective situations of different 
individuals. It is useful to distinguish 
differences in objective situations ac- 
cording to their generality. Some objec- 
tive differences are relatively specific to 
a given situation, Some objective differ- 
ences, on the other hand, are general to 
a wide variety of situations. To be poor 
or rich; to be well educated or unedu- 


cated; to be a professional man or an un- 
skilled laborer; to live in a slum area or 
a middle-class neighborhood—these are 
differences in objective situations of a 
more persistent and general sort; differ- 
ences that are likely to show up in a 
variety of different ways over a longer 
period of time. 

Because of these specific and general 
differences in the objective situations 
in which individuals are placed, different 
actions of government affect different 
people in different ways and in different 
degrees. To be sure, differences in ob- 
jective situations take on meaning for an 
individual only as they are translated 
into the kinds of subjective factors men- 
tioned a moment ago, such as values, 
predispositions, information, and identi- 
fications. Consequently, individuals in 
the same objective situation may not re- 
spond in the same way because their 
subjective interpretations of the situation 
differ. Nonetheless, the objective differ- 
ences in individual situations are fre- 
quently so great that they largely explain 
why subjective differences arise. 

Largely, but not wholly. For it usually 
turns out that no matter what kinds of 
objective characteristics you use as a 








Table 2. Campaign participation in New 
Haven; by number of activities. 
Category % N 
Most participation (voting; 5 or 
more other activities) 6 30 
High participation (voting; 3 or 
4 other activities) 16 84 
Medium participation (voting; 1 
or 2 other activities) 50 261 
Low participation (voting; no 
other activities) 25* 335 
Least participation (non-voting) 6 29 
No answer, etc. os ae 
Total 100 525 
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basis for classifying people, not everyone 
in the “same” objective situation re- 
sponds in the same way. Because some 
variations in human behavior are usually 
left unexplained by factors in the objec- 
tive situation, one might conclude that 
the subjective life of the individual has 
a style and pattern that are often con- 
nected only in loose fashion to the “ob- 
jective” situation. 


Methods 


As part of a larger study of patterns 
of influence in New Haven, Connecticut, 
a survey was conducted in the summer 
of 1959 of a random sample of 525 reg- 
istered voters. Among other things, re- 
spondents were asked a large number 
of specific questions dealing with their 
participation in the political life of New 
Haven. If we now make the assumption 
that various levels of political participa- 
tion are valid measures of the use of po- 
litical resources, then we can test some 
of the hypotheses set forth in the pre- 
ceding section. Specifically, we can ex- 
amine whether variations are in fact as- 
sociated with the four factors mentioned, 


Findings 


Citizenship without politics. How do 
citizens of New Haven vary in the ex- 
tent to which they use their political re- 
sources? How do these variations help 
to account for the patterns of influence 
discovered in the course of this study? 

Although it is difficult to answer these 
questions directly, we can do so indi- 
rectly by examining the extent to which 
different citizens participate in various 
ways in local political and governmen- 
tal activities. The first fact one discovers 
—and it overshadows almost everything 
else—is that most citizens use their po- 
litical resources scarcely at all. To begin 
with, a large proportion of the adult 
population of New Haven does not even 
vote; in the last decade, the fraction has 
varied from a quarter of the adult popu- 
lation in presidential elections to a half 
in some mayoralty elections. 

Even those who do vote rarely do 
more, and the more active the form of 
participation, the fewer the citizens who 
participate. Consider, for example, par- 
ticipation in campaigns and elections 
(Table 1). Only a tiny minority of the 
registered voters undertake the more 
vigorous kinds of campaign participa- 
tion. We find (Table 2) that only about 


1342 





one citizen out of every 16 votes and 
also engages in five or more of the ac- 
tivities listed in Table 1; about one out 
of six votes and engages in three or four 
activities; one out of two votes and en- 
gages in one or two activities; and one 
out of five only votes. (Because our 
sample was drawn from the voting lists, 
the number of nonvoters was of course 
much smaller than it would be in a 
sample of the whole adult population; 
and because we classified as not voting 
only those who had not voted in two 
out of the last three elections, the pro- 
protion is lower than it would be for 
any single election.) 

It might be thought that citizens par- 
ticipate more actively outside of cam- 
paigns and elections—for example, by 
getting directly involved in some way 
with the problems of local government. 
But just as it is with campaign activity, 
most people do very little beyond merely 
talking with their friends (Table 3). 

As many studies of the national elec- 
torate have shown, low rates of participa- 
tion by citizens in political life are not 
unusual. In New Haven as in the United 
States generally, one of the central facts 
of political life is that politics—local, 
state, national, . international—lies for 
most people at the periphery of atten- 
tion, interest, concern, and activity. At 
the focus of most men’s lives are primary 
activities pertaining to food, sex, love, 
family, work, play, shelter, comfort, 
friendship, social esteem, and the like. 
Activities like these—not politics—are 
the primary concerns of most men and 
women. In response to the question, 
“What things are you most concerned 
with these days?” two out of every three 
registered voters in our sample cited per- 
sonal matters—health, jobs, children, 
and the like; only about one out of five 
named local, state, national, or interna- 
tional affairs. It would clear the air of a 
good deal of nonsense if, instead of as- 
suming that politics is a normal and 
natural concern of human beings, one 
were to make the contrary assumption 
that, whatever lip service citizens may 
pay to conventional attitudes, politics is 
a remote, alien, and unrewarding ac- 
tivity. Instead of seeking to explain why 
citizens are not interested, concerned, 
and active, the task is to explain why a 
few citizens are. 

Whenever politics becomes related to 
the primary activities, it may move from 
the periphery of attention, concern, and 
action to a point nearer the center. For 
most people in the United States (and 
probably everywhere else) this happens 


rarely, if at all. To be sure, if men are 
frustrated in their primary activities and 
if they find or think they find in political 
activity a means of satisfying their pri- 
mary needs, then politics may become 
more important to them. But in a politi- 
cal culture where individual achieve- 
ment and nongovernmental techniques 
are assigned a high priority in problem 
solving, men may be frustrated in their 
primary activities without ever turning 
to politics for solutions. 

Even for someone to whom politics is 
important, it is easier to be merely in- 
terested than to be active. In terms of 
the psychic economy of the individual, 
interest is cheap whereas activity is rel- 
atively expensive. To be interested de- 
mands merely passive participation, re- 
quiring no more effort than that needed 
to scan the newspaper for political news 
or listen to news broadcasts. The citizen 
who is merely interested can then go on 
to read the comics and watch his favorite 
Western on television; moreover, he may 
actually derive vicarious satisfaction 
from a spurious “participation” in pol- 
itics that never requires him to turn from 
his passive engagement in the world 
described in newspaper, radio, and tele- 
vision accounts to actual participation 
in the world of politics. In this sense, 
to be merely interested in politics can be 
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Fig. i. Participation in local affairs in- 
creases with income. Participation here 
includes the campaign activities listed in 
Table 1 and the noncampaign activities 
enumerated in Table 3. (Striped bars) 
Highly inactive; (solid bars) highly active. 
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Fig. 2. Although participation in local af- 
fairs varies with income, the better-off are 
a minority of the participants. 


a kind of escape from politics. To be in- 
terested allows one to indulge in a great 
variety of emotional responses, from 
rage and hate to admiration and love; 
to derive a sense of superiority from the 
obvious inadequacies of men of action; 
to prescribe grandiose solutions to com- 
plex problems of public policy; to engage, 
like Walter Mitty, in fantasies about 
one’s own achievements in a never-never 
land of politics; to become an inside- 
dopester; and to follow each day’s new 
events with the passionate curiosity of a 
housewife anxiously awaiting the next 
installment of her favorite soap opera; 
while never in one’s entire life partici- 
pating in politics in any way except by 
discussing political affairs with others 
and occasionally casting a vote. 

An interest in politics, then, need not 
compete with one’s primary activities. 
By contrast, active political participa- 
tion frequently removes one from’ the 
arena of primary activities. Since the 
primary activities are voracious in their 
demands for time, political activity en- 
ters into competition with them. For 
most people it is evidently a weak com- 
petitor. 

The sources of the myth about the 
primacy of politics in the lives of the 
citizens of a democratic order are an- 
cient, manifold, and complex. The pri- 
macy of politics has roots in Greek 
thought and in the Greek philosopher’s 
idealization of the city-state. That initial 
bias has been reinforced by the human 
tendency to blur the boundaries between 
what is and what ought to be; by the 
fact that those who write about politics 
generally are deeply concerned with po- 
litical affairs and sometimes find it dif- 
ficult to believe that most other people 
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are not; by the dogma that democracy 
would not work if citizens were not con- 
cerned with public affairs (since “de- 
mocracy works,” it follows that citizens 
must be concerned); by the sharp con- 
trast (noted by deTocqueville) between 
the low rate of uncoerced citizen par- 
ticipation in public affairs in authori- 
tarian regimes and the relatively much 
higher rate in democratic ones; and by 
the assumption, based on uncritical ac- 
ceptance of scanty and dubious evidence, 
that whatever the situation may be at the 
moment, at one time or in another place 
the life of the citizen has centered on 
politics. 

Whether the citizens of Athens were 
in fact more highly concerned with pub- 
lic affairs than the citizens of New Hayen 
are, we shall probably never know. In 
any case, New Haven is not Athens, the 
United States is not ancient Greece. 

Given the fact that most citizens are 
not much engaged in politics, several 
conclusions are evident. First, insofar as 
participation is a valid measure of the 
use of political resources, comparatively 
few citizens use these resources at a high 
rate. Second, insofar as the use of polit- 
ical resources is a necessary condition for 
political influence, only citizens who use 
their political resources at a high rate 
are likely to be highly influential. It fol- 
lows that the number of highly influen- 
tial citizens must be a relatively small 
segment of the population. 

What kinds of factors are likely to 
induce people to use their resources at 
a relatively high rate? In an earlier sec- 
tion I hypothesized that, on the average, 
a citizen’s effort to influence political 
decision would increase with his political 
resources, with his expectation of suc- 
cess, with high pay-off, or with low pay- 
off from alternative uses. Let us now 
examine these hypotheses on the assump- 
tion that various kinds of political par- 
ticipation are valid measures of the use 
of political resources. 

Variations in the supply of resources. 
Political participation does tend to in- 
crease with the amount of resources at 
one’s disposal. For example, participa- 
tion in local political decisions is greater 
among citizens with high incomes than 
among those with low incomes; greater 
among citizens with high social standing 
than among those with low social stand- 
ing; greater among citizens with consid- 
erable formal education than among cit- 
izens with little; greater among individ- 
uals in professional, business, and white- 
collar occupations than among those in 
working-class occupations; and greater 


Table 3. Noncampaign participation in New 
Haven: by number of activities. The four 
activities were as follows: talking about New 
Haven politics and local affairs with friends; 
letting local officials or politicians know what 
the respondent would like them to do about 
something he was interested in; having any 
contact with local officials in the past year; 
engaging in any activity in connection with 
some local issue or local problem, political or 
nonpolitical. 





Category % N 





Most participation (4 activities) 3 
High participation (3 activities) 9 
Medium participation (2 activities) 17 89 
Low participation (1 activity) 32 
Least participation (no activity) 39 


Total 100 525 





among individuals from “better” resi- 
dential areas than among those from 
poorer areas. 

For want of a better term, let us refer 
to citizens who are relatively well off 
with respect to income, social standing, 
education, occupation, or residence as 
the “better-off.” To summarize, partici- 
pation in local political decisions is high- 
er among the better-off than among citi- 
zens who are less well off. 

For three reasons, however, the mat- 
ter is much more complex than this sim- 
ple statement suggests. First, all the re- 
lationships mentioned above represent 
statistical tendencies. For example, it is 
true that the more income one has, the 
more likely one is to participate in local 
political decisions. Indeed, with some 
kinds of participation the relation to in- 
come is quite striking (Fig. 1). But it 
is also true that 42 percent of our sample 
of registered voters who reported in- 
comes over $8000 were relatively inac- 
tive, while 17 percent of those with in- 
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Fig. 3. The more one participates in local 
affairs the more likely one is to have a 
high sense of political efficacy. 
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comes from $2000 to $5000 and 20 per- 
cent of those with incomes from $5000 
to $8000 were highly active participants 
in local decisions. 

Second, because the number of better- 
off citizens is inevitably rather small, the 
aggregate activity of citizens with smaller 
resources is often impressively large. In 
our sample of registered voters, for every 
citizen who reported an income over 
$8000, more than five reported incomes 
of less than that; in fact, almost half the 
sample reported incomes of less than 
$5000. Consequently, even though citi- 
zens with small incomes are much less 
likely to participate actively in local de- 
cisions than citizens with larger incomes, 
there are so many more in the first group 
that a smaller proportion of them can 
make up an aggregate greater than the 
group of participants with higher. in- 
comes. For example, citizens with in- 
comes of less than $8000 a year outnum- 
ber those with higher incomes at every 
level of political participation, from the 
lowest to the highest. In fact, as Fig. 2 
shows, citizens with incomes of less than 
$5000 outnumber citizens with incomes 
over $8000 at every level of activity ex- 
cept the highest; one-fourth of the people 
in the most active category and nearly 
two-fifths of those in the second most 
active group have incomes under $5000. 

In the third place, the extent to which 
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Sublecders Highly active citizens All registered 


voters 


the better-off citizens participate in local 
decisions varies a good deal, depending 
on the nature of the participation. They 
participate much more heavily in non- 
campaign than in campaign activities. 
Even at the highest levels of campaign 
participation, citizens with incomes un- 
der $5000 greatly outnumber citizens 
with incomes over $8000; moreover, the 
proportions of the less well off are not 
much lower among the most active par- 
ticipants than they are among the less 
active participants. On the other hand, 
the greater readiness of the better-off 
to engage in local affairs outside cam- 
paigns and elections shows up in a variety 
of ways. Greater formal education, high- 
er income, higher social position, better 
neighborhoods, and a white-collar oc- 
cupation are all associated less strongly 
with campaign participation than with 
local action of the kinds summarized in 
Table 3. 

Since the propensity among the better- 
off to engage more in noncampaign ac- 
tivities than in campaign and electoral 
activities evidently does not arise as a 
result of greater access to resources 
among the better-off, other factors must 
be at work. 

Variations in political confidence. 1 
suggested earlier that an individual who 
is relatively confident of success in at- 
tempting to influence decisions is much 
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Fig. 4 (left). Subleaders have a very high sense of political efficacy. (Solid bars) High 
sense of efficacy; (striped bars) medium-high sense of efficacy; (open bars) low sense of 
efficacy. Fig. 5 (right). A sense of political efficacy increases with education, particularly 
among non-leaders. (Vertical axis) Percentages of individuals with a high sense of efficacy; 
(horizontal axis) education. (Striped bars) Registered voters; (solid bars) subleaders. 
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more likely to make the attempt than 
one who fears failure. Confidence in suc- 
cess might vary with the specific political 
situation; if you happen to be a friend 
of the incumbent mayor and an enemy 
of his rival, you might reasonably be 
more confident of success now than you 
will be if his rival wins the next elec- 
tion. However, confidence in one’s ca- 
pacity to influence government officials 
also seems to be a general, pervasive, 
stable attitude in an individual. Some 
individuals bring into the political arena 
a durable optimism that survives oc- 
casional setbacks; others are incura- 
bly pessimistic. One of the most strik- 
ing characteristics of the activist in 
politics is his relatively high confidence 
that what he does really matters; by 
contrast, the inactive citizen is more 
prone to doubt his effectiveness. A cit- 
izen who tends to feel that people such 
as he have no say about what the local 
government does, or that the only way 
he can have a say is by voting, or that 
politics and government are too com- 
plicated for him to understand what 
is going on, or that local public offici- 
als don’t much care what he thinks, 
is much less likely to participate in 
local political decisions than one who 
takes the opposite view (/). In short, 
the more one participates actively in lo- 
cal affairs, the more confident one is 
likely to be of his capacity to be effective 
in political matters (Fig. 3). 

Participation and political confidence 
evidently reinforce one another. A citi- 
zen with a high sense of political efficacy 
is more likely to participate in politics 
than a citizen pessimistic about his 
chances of influencing local officials. 
Participation in turn reinforces one’s con- 
fidence. Evidently, as a citizen becomes 
more familiar with the operation of the 
political system and develops more ties 
with leaders, subleaders, and activists, 
he tends to assume that he can get the 
attention of officials for his views and 
demands. If he becomes a subleader he 
is likely to have a very high sense of po- 
litical efficacy (Fig. 4). Conversely, if 
one has little confidence in his capacity 
to influence officials, he is less likely to 
participate and hence never acquires the 
skills, familiarity with the system, and 
associations that might build up his con- 
fidence. 

There is, however, a second and close- 
ly related factor associated with political 
confidence that might loosely be called 
the possession of “middle-class” attri- 
butes and resources: a college education, 
above-average income, a white-collar oc- 
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Fig. 6. Diagrammatic representation of the process of reinforcement (see text). 


cupation, and the like. One’s level of 
education is particularly important (Fig. 
5). Among subleaders and registered 
voters alike, political confidence is higher 
among citizens with a college education 
than among citizens with a high school 
education; the relation is much more ap- 
parent among registered voters than 
among subleaders. 

Because the better-off citizens with 
“middle-class” attributes and resources 
are also likely to participate more heavily 
in political affairs, an important circu- 
larity develops that increases the influ- 
ence of the better-off and decreases the 
influence of the working classes. Each 
characteristic reinforces the other. Partly 
(though not wholly) because of his 
greater confidence in his capacity to in- 
fluence officials, the better-off citizen 
participates more actively in local af- 
fairs. As he participates and learns the 
ropes, his confidence grows. Then, partly 
because of his increased confidence, he 
continues to participate in political af- 
fairs. By contrast, the working-class citi- 
zen is more likely to have less confidence 
in his capacity to influence decisions; for 
this and other reasons he does not par- 
ticipate as actively. Hence, he fails to 
acquire the skills and associations that 
would give him the confidence he needs 
in order to participate more actively. 
The less he participates the more du- 
bious he is about his political influence; 
and the more doubtful he is, the less in- 
centive he has to participate and learn 
the ropes. (In a city with a predomi- 
nantly working-class political culture, the 
process would probably work in reverse. ) 
This process of reinforcement is illus- 
strated in Fig. 6. 

Why, then, is campaign participation 
so much less popular among the better- 
off citizens than noncampaign participa- 
tion? Evidently the circular process by 
which participation and confidence rein- 
force one another is attenuated by the 
plain facts of party life.~Once the ex- 
plebes had taken over control of the 
parties and used them as instruments to 
appeal to the immigrants and their chil- 
dren, it became difficult for the better- 
off to succeed in party affairs, nomina- 
tions, and elections; they became es- 
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tranged from the men who governed the 
parties and alien to their problems and 
tactics. Today, two generations later, it 
is by no means unrealistic for the better- 
off citizen to be somewhat pessimistic 
about his chances of success in party 
politics and at the same time relatively 
confident about his. capacity for influ- 
encing city officials in various other ways. 
In addition, control over the parties is so 
tightly held by a handful of people that 
even citizens who do participate in par- 
tisan activities seem to feel less confident 
about influencing. decisions than those 
who participate in sectors where central- 
ized control is less manifest. 

Variations in alternative opportunities. 
Citizens also vary in the extent to which 
they use their political resources because 
of differences in their opportunities for 
achieving goals through means other 
than political action. In an affluent soci- 
ety dominated by goals that are typically 
sought through individual rather than 
collective action, citizens are confronted 
with a variety of opportunities for gain- 
ing their primary goals without ever re- 
sorting to political action at all. Essen- 
tially, this is why the level of citizen par- 
ticipation is so low. 

Some citizens, however, have fewer 
alternatives to political action than 
others. In New Haven, probably the 
most significant group whose opportuni- 
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Fig. 7. New Haven Negroes participate 
more than whites in campaign and elec- 
toral activities. (Striped bars) Whites 
(N=472); (solid bars) Negroes (V=47). 





ties are sharply restricted by social and 
economic barriers are Negroes. 

Negroes are a small but rapidly in- 
creasing minority in New Haven. In 1950 
they comprised 6 percent of the popula- 
tion. During the next decade their num- 
ber more than doubled, while the white 
population declined by a sixth. In 1960 
Negroes comprised nearly 15 percent of 
a total city population 7 percent smaller 
than it had been in 1950. 

In 1959 Negroes made up 9 percent of 
our sample of registered voters. Because 
the sharp increase in Negro population 
reflects both a heavy birth rate (and 
therefore a disproportionate number of 
individuals too young to vote) and ex- 
tensive migration into New Haven from 
other parts of the United States, it is 
impossible to judge with confidence from 
data now available whether the propor- 
tion of registered voters is lower among 
eligible Negro adults than among whites. 
It is reasonable to suppose, however, that 
adult Negroes who move into New Ha- 
ven are slow to register even after they 
have satisfied the residence requirements 
(one year in the state, six months in the 
city). Hence, the registered Negro voter 
is likely to be a Negro who has been in 
the community for some time, and who 
is therefore aware of the opportunities 
and barriers in city politics as compared 
with nonpolitical areas of activity. 

Although discrimination is declining, 
in the private socioeconomic sphere of 
life, New Haven Negroes still encounter 
far greater obstacles than the average 
white person. They find it difficult to 
move from Negro neighborhoods into 
white neighborhoods. In 1950 they were 
still concentrated in a few Negro ghet- 
tos; about 40 percent of the Negro pop- 
ulation lived in one of the city’s 33 
wards, the Nineteenth, where three out 
of four persons were Negroes. Many 
private employers are reluctant to hire 
Negroes for white-collar jobs. In 1950, 
only four of the 33 wards had a smaller 
proportion of the labor force in white- 
collar jobs than the Nineteenth. Only 
three wards had a lower median income. 
These differences cannot be attributed 
solely to disparities in education, for in 
1950 the median number of school years 
completed for the Nineteenth (8.8 years) 
was only slightly lower than the figure 
for the whole city (9.1 years). Although 
19 wards were, on the average, better 
off in education, 13 were worse off. 

In contrast to the situation the Negro 
faces in the private socioeconomic 
sphere, in local politics and government 
the barriers are comparatively slight. 
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There is no discrimination against Ne- 
groes who wish to vote; they have par- 
ticipated in elections for generations. 
Though they are a relatively small mi- 
nority, both parties compete vigorously 
for their support. Partly because of their 
votes, Negroes are not discriminated 
against in city employment; they have 
only to meet the qualifications required 
of white applicants to become police- 
men, firemen, school teachers, clerks, 
stenographers. Negroes also share in city 
patronage, city contracts, and other fa- 
vors. Because both parties nominate a 
Negro to run as alderman from the Nine- 
teenth Ward, the Board of Aldermen al- 
ways contains one Negro. In 1954 Mayor 
Lee appointed a Negro as corporation 
counsel; in 1960 he appointed a Negro 
to the Board of Education. 

In comparison with whites, therefore, 
Negroes find no greater obstacles to 
achieving their goals through political 
action but very much greater obstacles 
in the sphere of private socioeconomic 
activity. Consequently, it is reasonable 
to expect that Negroes will employ their 
resources to a greater extent in political 
action than the average white person 
does. 

This hypothesis is strikingly confirmed 
by the evidence. For example, when we 
asked our sample of registered voters, 
“Assuming the pay is the same, would 
you prefer a job with the city govern- 
ment or with a private firm?” only 37 
percent of the white voters said they pre- 
ferred a city job, as compared with 64 
percent of the Negroes; 38 percent of the 
Negro voters said they would like to see 
a son enter politics, as compared with 
27 percent of the whites. 

What is even more impressive is the 
extent of Negro participation in politics, 
at least among those who register. Al- 
though slightly less than one out of ten 
persons in our sample of registered voters 
was a Negro, among citizens who par- 
ticipated most heavily in campaign and 
electoral activities nearly one out of four 
was a Negro; in the next most active 
group one out of six was a Negro. With 
respect to local action generally, the 
percentages of Negroes in the two most 
active groups were 24 and 16 percent. To 
look at the matter in another way, 44 
percent of the Negroes in our sample 
were among the two most active groups 
of participants in campaigns and elec- 
tions, as compared with 20 percent of 
the whites (Fig. 7); 38 percent of the 
Negroes were among the two most ac- 
tive groups of participants in local af- 
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Fig. 8. New Waven Negroes participate 
more than whites in local political affairs 
generally. (Striped bars) Whites; (solid 
bars) Negroes. 


fairs generally, as compared with 17 per- 
cent of the whites (Fig. 8). 

The position of the Negro in New Ha- 
ven helps to explain why the better-off 
prefer to participate in nonpartisan ways 
rather than through the political parties. 
An important incentive for routine par- 
ticipation in party activities is the pros- 
pect of receiving favors from the city, 
particularly jobs, minor contracts for 
snow removal, printing, and the like. The 
large contractor who constructs build- 
ings, streets, highways, and other expen- 
sive projects is likely to participate more 
through financial contributions than 
through party activity. It follows that the 
parties must recruit their rank-and-file 
workers in great part from groups in the 
community to whom the prospect of a 
city job or a small contract for them- 
selves, members of their families, or their 
neighbors is attractive. To the better-off, 
who have many other and better oppor- 
tunities, a job with the city is likely to be 
much less attractive than it is to the less 
well off. Now it happens that in almost 
every major category of the city’s regis- 
tered voters, a majority would rather 
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Fig. 9. The better off a citizen is, the less 
likely he is to prefer a job with the city 
to a job with a private firm. Percentages 
represent those who prefer a city job. The 
index of social position is a two-factor in- 
dex based on residence and occupation. 
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have a job with a private firm than with 
the city. But this preference is less 
marked among the rest of the popula- 
tion than it is among the better-off, who 
have attractive alternatives. By contrast, 
a citizen with a grade school education, 
low income, or a relatively low social 
position is just as likely to prefer a job 
with the city as one with a private firm. 
The higher up the socioeconomic scale 
one goes, the smaller is the proportion 
of those who express a preference for a 
city job (Fig. 9). 

Variations in rewards. As the preced- 
ing discussion suggests, citizens also vary 
in the value they attach to the outcome 
of a decision made by local officials. 
The bigger the reward they expect from 
a favorable decision, the more of their 
political resources they are likely to in- 
vest in trying to obtain the outcome they 
want. 

The factors that affect one’s evalua- 
tion of an outcome are numerous. As 
I suggested eatlier, citizens vary both 
in their objective situation and, because 
of differences in information, predis- 
positions, values, and identifications, in 
the subjective interpretation they put 
on events. The “pay-off” from a deci- 
sion may seem immediate to one per- 
son and remote to another; it may be 
specific or general, tangible or intan- 
gible. Almost always there is a set of 
citizens who feel that they benefit more 
from the existing situation, whatever it 
may be, than from any of the alter- 
natives urged by those who favor a 
change. The results expected from a 
decision may vary from the concrete 
gain or loss of a job, a city contract, 
or a nomination to more abstract results 
such as a better neighborhood, better 
schools, cleaner politics, or a sense of 
personal satisfaction in having per- 
formed one’s duty as a citizen (2). 

Unfortunately, our data from the 
survey in 1959 do not permit a direct 
examination of the effect on political 
activity of variations in expectation of 
rewards. However, it is possible to ap- 
proach the problem, indirectly. We have 
a measure of “political concern” based 
upon the degree of interest in, and care 
about, politics that our respondents ex- 
pressed (3). Political concern may be 
regarded as a rough index of the re- 
ward, in a subjective sense, that the 
individual expects from politics. As 
might be expected, there is a very strong 
relationship between the amount of po- 
litical concern a voter expresses and the 
extent of his participation in local po- 
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litical activities of all sorts (Fig. 10). 
Among those who are most active, 72 
percent are highly concerned; this pro- 
portion steadily declines as the level of 
activity goes down, so that among the 
least active voters only 18 percent are 
highly concerned about politics. 

Political concern tends to increase 
with education and socioeconomic posi- 
tion. Hence, it might be thought that 
political concern is simply another re- 
flection of socioeconomic position. 
However, this does not appear to be the 
case; thus, when the education factor is 
held constant, although the relation be- 
tween political concern and _ political 
activity is somewhat less marked, it is 
still strong. 

A second though somewhat more un- 
satisfactory way of estimating the 
amount of reward different individuals 
receive, Or expect to receive, from 
politics is to determine the extent to 
which they think the community is fac- 
ing problems that may require action 
by the local government, such as re- 
development, traffic, parking, education, 
and the like. Both the number of prob- 
lems different voters cite and the num- 
ber on which they have more or less 
definite views may be used as a crude 
index of the benefits they expect from 
political action. Here, too, the relation- 
ship is quite strong. For example, among 
the most active people in local affairs, 
55 percent mentioned three or more 
problems and only 13 percent men- 
tioned less than two problems; among 
the least active people the figures were 
almost exactly the reverse: only 15 per- 
cent mentioned three or more problems 
and 57 percent mentioned less than two 
problems (Fig. 11). Among the most 
active voters, eight out of ten had views 
on two or more problems, whereas 
among the least active voters only three 
out of ten had views on two or more 
problems. 

A few citizens use their political re- 
sources to such an extent, over such a 
broad range, and with such a relatively 
high degree of skill that they might 
properly be called political professionals 
—even though they carefully cultivate 
the appearance of amateurism. To the 
professionals and the incipient profes- 
sionals, the rewards from political ac- 
tivity are evidently very high indeed. !t 
is impossible to say precisely why this 
is so, but several aspects of the objective 
situation and the subjective perspectives 
of participants are worth emphasizing. 

The most relevant aspect of the ob- 
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Table 4. Political participation among citizens 
who belong to four or more organizations. 
Number of those who had completed 12th 
grade, 54; others, 30. 











Education 
penne Less than Completed 
——— 12th grade 12th grade 
(%) (%) 
High 47 46 
Medium 43 37 
Low 7 15 
None 2 
No answer 3 





jective situation of a political partici- 
pant is this: in a city such as New 
Haven the number of highly rewarding 
positions, judged by the standards of the 
great middling segments of the popula- 
tion, are few. The mayoralty is the key 
prize and only one person in the city 
can be elected mayor. There are other 
prizes, but the number is not large. 
Hence, at any given moment only a tiny 
number of people in the middling seg- 
ments can have any hope of gaining re- 
wards greater than those offered by 
careers in private occupations. For any- 
one who is not yet a member of one of 
the middling segments of the com- 
munity, the chance of competing suc- 
cessfully for the chief offices are slight. 
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In sum, there are only a few large 
prizes; the only contestants with much 
chance of success are those from the 
middling layers who are prepared to 
invest their resources, including time, 
energy, and money, in the task of win- 
ning and holding the prize, and a full- 
time alternative career must be tempo- 
rarily abandoned. Hence it is not to be 
wondered at that the number of profes- 
sionals is small. 

Now one of the most obvious require- 
ments of the professional is that he must 
have an unusual capacity for cultivating 
and sustaining personal relationships in 
great profusion. It is characteristic of 
leaders and subleaders that they are 
active in many more organizations than 
are ordinary citizens. In a sample of 280 
New Haven subleaders, seven out of ten 
belonged to four or more organizations; 
by comparison, only one out of six 
registered voters belonged to as many as 
four organizations. Moreover, what is 
characteristic of leaders and subleaders 
is also true of the political activists 
among the registered voters: the more 
a voter participates in local political 
life, the more likely he is to participate 
in other forms of community organiza- 
tion (Fig. 12). Now the propensity for 
joining organizations is partly a func- 
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Fig. 10 (left). Citizens who are highly concerned about politics participate more in 
local affairs than citizens who are less concerned. (Striped bars) Less concerned; (solid 
bars) highly concerned. Fig. 11 (right). The more civic problems a citizen is aware of, 
the more he participates in local affairs. (Striped bars) Respondents who mentioned less 
than two civic problems; (solid bars) those who mentioned two or more civic problems. 
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Fig. 12. The greater the citizen’s participa- 
tion in organizations, the greater his par- 
ticipation in politics. (Striped bars) Regis- 
tered voters (N = 525); (solid bars) mem- 


bers of four or more _ organizations 
(N = 89). 


tion of socioeconomic factors that are 
also associated with participation in po- 
litical life; organizational memberships 
are higher among the better-off than 
among the worse-off. However, we can- 
not explain the relation between politi- 
cal participation and other forms of 
participation merely by saying that both 
are functions of being better off. For 
the tendency of citizens who belong to 
numerous organizations to participate 
actively in political decisions remains 
high even when socioeconomic factors 
are held constant. For example, among 
citizens who are members of four or 
more organizations, the proportion of 
highly active citizens is just as great 
among those who have not completed 
high school as among those who have 
(Table 4). Moreover, the relationship 
holds for both campaign and noncam- 
paign: forms of participation. 

Joining organizations and participat- 
ing in politics are mutually reinforcing 
activities. If an individual participates in 
local political decisions, he widens his 
range of relationships in the com- 
munity; moreover, if he is serious about 
politics, he may deliberately join organi- 
zations in order to establish more con- 
tacts. Numerous memberships in organ- 
izations in turn bring him in touch with 
people who are involved in various ways 
in local decisions and increase the prob- 
ability that he too may become involved. 

The professional politician has to 
tolerate a profusion of human contacts 
that many citizens would find abrasive 
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and exhausting. He must interact with 
great numbers of people, cultivate 
friendships with as many as possible, 
and convey the impression that he en- 
joys meeting them all. To work with the 
zest and energy necessary for success, 
probably he must actually enjoy this 
proliferation of human contacts. If a 
citizen does not enjoy the process of 
cultivating friendly, though not always 
very deep, relationships with a great 
variety of people, he is not likely to find 
political life highly rewarding. 

In a recent doctoral dissertation at 
Yale (4) Rufus Browning presents a 
good deal of interesting evidence about 
the nature of some of the politician’s 
rewards. Using measures of the strength 
of certain presumed motivations that 
have been labeled the need for achieve- 
ment, the need for affiliation, and the 
need for power, Browning finds that the 
more influential politicians he studied 
displayed a relatively high need for 
achievement and a rather modest need 
for power, in comparison with less in- 
fluential politicians and with business- 
men not in politics. What is perhaps 
most interesting, however, is his finding 
that the more influential politicians had 
a relatively low need for affiliation. This 
suggests the hypothesis that the success- 
ful politician manages to sustain his 
plethora of human relationships without 
overburdening his psychic economy pre- 
cisely because these relationships are, to 
him, psychologically not very costly. De- 
spite his apparent involvement, the poli- 
tician is not really involved; if he were, 
he could not bear political life. Beneath 
an outside layer of warmth, the poli- 
tician, Browning’s study suggests, is and 
must be somewhat cool and perhaps 
even downright cold. 

These variations (and doubtless there 
are others) contribute to a complex pat- 
tern of influence over local decisions 
that cannot be accurately covered by a 
single conventional label such as de- 
mocracy or oligarchy. It might be more 
accurate, if more cumbersome, to refer 
to New Haven today as a system of dis- 
persed (or noncumulative) inequalities. 


Summary 


A survey of registered voters in New 
Haven in 1959 indicated that only a 
few citizens participate much in local 
affairs by any action other than voting, 


and that variations in participation are 
related to variations in resources, po- 
litical confidence, alternative opportuni- 
ties, and rewards. 

The more resources one has (income, 
education, occupational standing, social 
standing, and so on), the more one is 
likely to participate. However, because 
the number of better-off citizens is small, 
citizens with smaller resources generally 
outnumber the better-off citizens at 
every level of political participation. 

The more confident one is of his 
capacity to be effective in political mat- 
ters, the more one participates actively 
in local affairs. This relationship tends 
to strengthen the influence of middle- 
class citizens and to weaken the influ- 
ence of working-class citizens. 

The fewer the alternatives a citizen 
has to politics as a means to achieve his 
goals, the more likely he is to participate 
actively. Thus, in New Haven, Negroes 
are among the most active participants 
in local affairs. 

The greater the rewards a citizen re- 
ceives or expects to receive from politics, 
the greater is his participation. Thus, the 
more “concerned” he is over politics, 
the greater is his participation. And the 
more “problems” he thinks the com- 
munity is faced with, the greater is his 
participation likely to be. 


References and Notes 


1. The “sense of political efficacy” is a widely 
used and well-tested scale based on the re- 
spondent’s views on these four points. In Fig. 
3, registered voters who held a positive view 
on three or four of the points were regarded 
as having a “high sense of efficacy.” Those 
who held a negative view on two or more of 
the points were regarded as having a “‘me- 
dium-to-low sense of efficacy.” 

2. It is not unreasonable to suppose that a sense 
of civic duty might impel many citizens to 
action; the ‘“‘pay-off’” would be their own 
sense of satisfaction in having performed their 
obligations as citizens. These considerations 
suggest that the most active participants in 
civic life might also have the strongest sense 
of civic duty. Unfortunately, the data from 
our study are inadequate for a good test of 
this hypothesis. While we cannot conclude 
that the hypothesis is false, it is clearly not 
confirmed by our data, and in fact such evi- 
dence as we have seems to run counter to it. 
However, given the nawre of the evidence, 
perhaps the best position one can take on the 
question is a combination of skepticism and 
open-mindedness. 

3. The index of political concern was based on 
answers to the two following questions: 
“Some people feel that political affairs are 
important and some people feel that they are 
not so important. Thinking back over the last 
month or so, would you say that you have 
been very much interested in political affairs, 
somewhat interested, or not interested at all?” 
“Generally speaking would you say that you 
care a great deal about what goes on in poli- 
tics, that you care somewhat, or that you 
don’t care too much?” 

4. R. Browning, ‘Businessmen 
thesis Yale University (1960). 


in politics,” 


SCIENCE, VOL. 134 





Den 
“Rei 


can 
Proc 
paste 
a bo 
of sé 
Last 
ADA 
cont: 
Cres 


does 
mere 
ADA 
that 
evide 
in fi 
conti 
been 
ever 
“end 
ter 
priet 
“recc 
adve: 
was 
third 
of tl 
mark 
perce 
leade 
Palm 
but 
Colg 
cent. 
prom 
majo 
appre 
lated 
prefe 


the 
have 
of th 
and | 
ficial 
tend 


27 OC 





‘idely 
e Te 
| Fig. 
view 
arded 
Those 
re of 
**me- 


sense 
ns to 
own 
their 
ations 
its in 
sense 
from 
est of 
iclude 
y not 
h evi- 
to it. 
dence, 
yn the 
n and 


ed on 
tions: 
rs are 
ey are 
1e last 
| have 
affairs, 
t all?” 
at you 
n poli- 
it you 


litics,” 


ML. 134 





Science and the News 


Dental Association: Toothpaste 
“Recognition” Subject of Controversy 


The “recognition” that the Ameri- 
can Dental Association afforded to the 
Procter & Gamble Co.’s Crest tooth- 
paste 14 months ago has proved to be 
a boon for the company and a source 
of serious contention within the ADA. 
Last week in Philadelphia, at the 
ADA’s 102nd annual convention, the 
controversy over “recognition” of 
Crest was renewed. 

The ADA holds that “recognition” 
does not imply endorsement, but 
merely reflects the conclusion of the 
ADA’s Council on Dental Therapeutics 
that Crest has provided “reasonable 
evidence of usefulness and of safety” 
in fighting tooth decay. The product 
contains stannous fluoride, which has 
been reported to prevent decay. What- 
ever the nuances in meaning between 
“endorsement” and “recognition,” Proc- 
ter & Gamble, without any impro- 
priety, has benefited enormously from 
“recognition” by proclaiming it in its 
advertisements. Before “recognition” 
was issued in August 1960, Crest was 
third in national sales, with 12 percent 
of the annual $235-million toothpaste 
market. It currently is second, with 26 
percent of all toothpaste sales. The 
leader in sales remains the Colgate- 
Palmolive Co.’s Colgate dental cream, 
but since Crest received “recognition,” 
Colgate has fallen from 33 to 27 per- 
cent. There is no doubt that with the 
promotional powers commanded by the 
major toothpaste producers, a word of 
approval from the ADA can be trans- 
lated into a massive shift in customer 
preference. 

Within the ADA, those supporting 
the granting of “recognition” to Crest 
have argued that it is the responsibility 
of the Association to lend its authority 
and prestige to products that are bene- 
ficial to the public; those opposed con- 
tend that the ADA is permitting itself 
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to be exploited for commercial pur- 
poses, and that the traditional wariness 
of medical and dental groups toward 
involvements with commercial enter- 
prises is well founded. The opposition 
also argues that the medical and dental 
professions have inspired public confi- 
dence by remaining rigidly aloof from 
attempts to embroil them in sales cam- 
paigns. 

At last week’s ADA convention, the 
controversy was renewed when a group 
of delegates, including six past presi- 
dents of the Association, attempted to 
eliminate the ADA’s “recognition” of 
Crest on the grounds that it was im- 
proper for the ADA to let its name be 
used in advertising outside of profes- 
sional journals. Their proposal was de- 
feated, 292 to 74, but was accom- 
panied by approval of a resolution di- 
recting the Association’s product re- 
view and evaluation council to “take 
all necessary” steps to eliminate misun- 
derstandings about ADA statements on 
commercial products. Any conclusion 
that these actions had disposed of the 
“recognition” controversy was quickly 
laid to rest, however, by a three-way 
public relations fight that immediately 
ensued. The principals were the ADA, 
Procter & Gamble, and Colgate-Palm- 
olive. Those delegates who had argued 
that the ADA was compromising its 
prestige by lending its name to popular 
advertising found themselves amply 
supplied with arguments for renewing 
the fight next year. 

The latest episode to emanate from 
the Crest “recognition” occurred when 
Colgate, which is smarting from the 
sales benefits which have accrued to 
its competitor, reacted sharply to a 
tentative report introduced by the 
ADA’s board of trustees. The report 
charged that Colgate advertising claims 
“have been consistently misleading,” 
and added that Colgate “has down- 
graded its dental research program in 
the past few years.” It also charged 


that Colgate had attempted to influence 
ADA delegates to oppose the Crest 
“recognition,” and it further accused 
Colgate “agents” of having arranged a 
press conference in June to generate 
publicity against the ADA “recogni- 
tion” of Colgate’s competitor. Colgate 
promptly denied this last charge and 
later issued a statement in which it 
said that “dental research at Colgate 
enjoys the highest priority and the budg- 
ets for such activity are at an all-time 
high.” The company added that it 
would reply shortly to the charge of 
misleading advertising. It also praised 
the resolution that established the re- 
view of advertising use of ADA state- 
ments, and added: “it is obvious the 
House of Delegates . . . felt some polic- 
ing action was necessary on Crest ad- 
vertising. We feel this is a step in the 
right direction to protect the public.” 

The basic issue-——whether profes- 
sional societies should lend their names, 
and hence their prestige, to commercial 
products—is going to continue to dis- 
turb the ADA, quite appropriately, like 
a toothache. The good intention of 
letting the public know what is bene- 
ficial, in theory, balances properly 
against the loss of prestige that may 
result from the ADA being listed on 
toothpaste ads. But the frantic scramble 
for sales, the enormous market value 
attached to any sign of approval from 
a professional organization, and the 
ingenuity of corporate public relations 
add ingredients that perhaps were not 
included in the calculation that led to 
“recognition.” 


Kefauver Drug Bill: Patent 
Provision Reviewed at Hearing 


Senator Kefauver resumed hearings 
last week on the legislative prescription 
he has drafted for the drug industry. 
The hearings are part of a series that 
began in July for the purpose of col- 
lecting informed comment on the bill 
that the senator has prepared after 
nearly 2 years of investigation. That 
investigation has produced some 10,- 
000 pages of testimony from which any 
thesis on the economics of the drug 
industry could be amply documented. 
It has led Kefauver to the conclusion 
that “by any test and under any stand- 
ard, prices and profits in the ethical 
drug industry are excessive and unrea- 
sonable.” This is a conclusion that the 
industry emphatically describes as false, 
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though it is hard put to explain away 
the fact that the drug industry has had 
profits approximately double the aver- 
age for other industries. 

These profits, Kefauver has con- 
cluded, come from a tight control of 
the market. The control rests, he says, 
on (i) the patent laws; (ii) large ex- 
penditures for advertising and promo- 
tion; and (iii) the success of the major 
firms in persuading physicians to pre- 
scribe drugs by trade rather than by 
generic names. 

At last week’s hearings, a number of 
expert witnesses gave their views on 
the senator’s proposed revision of the 
patent laws. Under the existing system, 
which dates back to Thomas Jefferson, 
the holder of a patent retains his rights 
for 17 years. The senator proposes that 
in the case of drugs alone, after 3 years, 
the patent holder should be required 
to give any qualified manufacturer the 
right to produce the drug in return for 
a royalty of up to 8 percent. The re- 
sult of this revision, he argues, would 
be lower prices, since competition 
would be thrown wide open, and there 
would therefore be incentive to pro- 
duce as cheaply as possible. 

Opponents of the Kefauver proposal 
responded at the hearing with the con- 
tention that the guarantee of 17 years 
of patent protection has made it pos- 
sible for major firms to undertake 
costly research projects. The assurance 
that a marketable discovery would be 
theirs for that duration, to sell or li- 
cense at their discretion, has been the 
incentive to maintain research pro- 
grams, it was argued. 

Whether or not this is the case could 
amply occupy a team of researchers 
for quite some time, but there was no 
element of uncertainty in most of the 
views expressed at the hearing. The 
American Institute of Chemists warned 
that federal regulation would delay the 
discovery of remedies for heart disease 
and cancer and added that the research 
laboratories of pharmaceutical firms 
are the “last havens” for professional 
chemists seeking solutions to numerous 
maladies. This last view no doubt 
comes as a surprise to chemists at uni- 
versities, government laboratories, in- 
situtes, and other nonindustrial research 
facilities. The American Patent Law 
Association brought in the East-West 
conflict and warned that the proposed 
patent provision might seriously affect 
our chances for survival, and the Amer- 
ican Association of Research Directors, 
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representing research officials in 100 
firms in the New York area, said that 
Congress should be seeking ways to 
make the drug industry more profit- 
able. 

In the course of his lengthy inquiry 
into the drug industry, Kefauver and 
his antitrust and monopoly subcommit- 
tee have come to be regarded by the 
industry as economic assassins, while 
he and his committee staff return the 
compliment by looking upon the indus- 
try as a heartless profit seeker. Though 
most congressional investigations gen- 
erate some acrimony, the inquiry into 
the drug industry has been marked by 
unusual bitterness, and one result has 
been that more heat than light fre- 
quently emanates from the committee’s 
hearings. 

The temperature is likely to go up 
markedly in the coming months as the 
committee goes into the bill that it 
says will cure the drug industry cf ills 
the drug industry says it does not have. 
The industry, which cannot hold any 
claim to reticence during the course of 
the hearings, said through a spokesman 
recently that it is now ready to fight 
back. It can be expected to hoist a 
publicity barrage, which, along with 
the expertly handled publicity efforts 
of the Kefauver committee, will make 
it difficult to keep in view the basic 
issue at this point in the drug in- 
quiry; namely: What is the relation- 
ship between the patent system and 
the economics of research and how 
would that relationship be affected 
by the senator’s proposed revision?— 
D.S.G. 


Space Cooperation: U.S. Outlines 
Plan for United Nations Role 


The Administration this week out- 
lined the program that it will ask the 
United Nations to adopt to assure 
the peaceful use of outer space. The 
program, though dealing only with 
space, has broad implications for arms 
control and inspection, and key parts 
are unlikely to draw a favorable re- 
sponse from the Soviet Union. 

Briefly, it calls for international co- 
operation in the use of outer space 
for communications and the study and 
control of weather; and agreement 
that the U.N. Charter applies to outer 
space and that space and heavenly 
bodies are not subject to claims of 
national sovereignty. In addition, it 





would establish a specialized space 
unit in the U.N. Secretariat and an 
international system for the registra- 
tion of all objects launched into space. 

In the past, the Soviet Union has 
shown little interest in using the U.N. 
as a means of developing an_ inter- 
national space control program. Near- 
ly 2 years ago, the General Assembly 
established a permanent committee to 
study the peaceful uses of space. The 
committee has been inactive almost 
from the beginning, principally, Ameri- 
can sources claim, because of lack 
of Soviet cooperation. 

The latest U.S. plan, with its pro- 
posals for registering space launchings 
and cooperation in development of 
the weather satellite, is not likely to 
inspire Soviet cooperation. The Soviets 
have taken great pains to conceal their 
space efforts and have shown no tend- 
ency in the past to contribute to the 
diminishment of that concealment. We 
call it a weather satellite, but it re- 
minds them of the U-2. 


Pay for Government Scientists 


The Administration will ask Congress 
next year for authority to pay more 
scientists and engineers higher salaries 
than currently allowed by the civil 
service regulations. Harold Brown, di- 
rector of defense research and engineer- 
ing announced last week that the 
Defense Department would ask for 
authority to add to the 603 scientific 
employees carried in the “supergrade” 
civil service categories, who are now 
paid up to $18,500 a year. He said 
that in addition to asking authority to 
carry more scientists in the supergrade 
category, the Defense Department 
would ask for a raise in the top salary 
to $21,000, the level currently allowed 
in the Space Agency. 

Meanwhile, the Civil Service Com- 
mission and Budget Bureau have draft- 
ed a proposal for a separate pay scale 
for scientists and other professional 
employees throughout the government, 
intended to make salaries for govern- 
ment jobs in these categories more 
nearly competitive with the salaries of- 
fered by private industry. At the close 
of the last session the chairman of the 
House Science Committee introduced 
a proposal to establish such a special 
category for scientists, but jurisdiction 
over the bill goes to the Post Office and 
Civil Service Committee, where the 
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pressure for raises for the numerous 
and well-organized postal workers is 
far stronger than that for scientific and 
professional employees. 

For several years there has been a 
good deal of talk of the need for the 
government to pay higher salaries to 
its key employees, but politically it is 
very difficult to get a bill through Con- 
gress, and no real effort for a general 
revision of the upper pay scales has 
ever been made. Attempting to raise the 
pay scales for the top grades of federal 
employees runs into both the distaste 
of many Congressmen to authorize sal- 
aries as high as their own ($22,500 a 
year), and the difficulty, close to a 
political impossibility, of giving raises 
to well-paid employees without giving 
substantial raises to the lower grades. 
Such a general raise would cost a great 
deal of money, probably more than 
Congress would approve even if the 


Administration recommended it. Behind ° 


these difficulties is the tendency among 
many Congressmen to assume that it 
would be virtually immoral to pay a 
man as good a salary for spending the 
taxpayers’ money as he would be paid 
to work in a private corporation to 
help produce the national wealth from 
which the taxes are derived. 


Ultrahigh-Frequency Television 


The Federal Communications Com- 
mission began operating an experimen- 
tal ultrahigh frequency _ television 
station in New York this week. Be- 
cause of the high buildings, New York 
is considered the most difficult place in 
the nation for a UHF station to operate 
effectively. The commission hopes to 
show that even under these adverse 
conditions UHF can provide service as 
good as that provided by the very-high 
frequency band. The 12 VHF channels 
are now almost fully used; the 69 
UHF channels are for the most part 
unused. Large-scale development of 
educational and public-service televi- 
sion depends heavily on winning wider 
acceptance for UHF, and so opening 
up the spectrum of unused channels. 
In this connection, FCC chairman New- 
ton Minow appealed to- organizations 
interested in educational TV to organ- 
ize a campaign in support of an FCC 
proposal to require manufacturers to 
equip all sets for UHF as well as VHF 
reception. The proposal got nowhere in 
Congress last session. 
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The Department of Health, Educa- 
tion, and Welfare has established a 
citizens advisory committee to the Food 
and Drug Administration. The 16-mem- 
ber committee, headed by political 
scientist George Y. Harvey, of the 
University of Missouri, will evaluate 
the amount and type of protection the 
FDA should furnish consumers for 
foods, drugs, therapeutic devices, cos- 
metics, and household chemical prod- 
ucts; and the adequacy of present re- 
sources and changes needed to pro- 
vide this protection. 


A continuous air-pollution moni- 
toring program, established by the U.S. 
Public Health Service, is being devel- 
oped in eight cities—Chicago, Cincin- 
nati, Detroit, Los Angeles, New Or- 
leans, Philadelphia, San Francisco, and 
Washington, D.C. Special air-monitor- 
ing equipment, built by the PHS at a 
cost of $300,000, will automatically 
measure and analyze levels of sulfur 
dioxide, nitric oxide, nitrogen dioxide, 
carbon monoxide, ozone, and _ total 
hydrocarbons and oxidants. The new 
stations, operated by specially trained 
employees of the participating cities, 
will also provide information on par- 
ticulate pollutant concentrations, pollu- 
tants washed out of the atmosphere by 
rainfall, and measurements of local 
wind turbulence. 


A national rehabilitation research- 
training center has been established at 
New York University by the U.S. Pub- 
lic Health Service. A $390,000 install- 
ment has been granted by the PHS Of- 
fice of Vocational Rehabilitation to cov- 
er the current academic year. In the 
future the office will supply an annual 
grant of $500,000 to the university’s 
Institute of Physical Medicine and Re- 
habilitation. 


Copies of reports presented at the 
conference on curricula for under- 
graduate majors in physics (Denver, 13 
Aug.—2 Sept.) have been made avail- 
able. (Byron E. Cohn, University of 
Denver, Denver 10, Colo.) 


Researchers with experience in sea- 
water supply systems are invited to sub- 
mit papers for possible inclusion in a 
forthcoming publication sponsored by 
the Sandy Hook Marine Laboratory. 


Contributors should describe their ex- 
periences in solving problems of de- 
sign and operation of experimental 
marine aquaria, rather than give com- 
prehensive accounts of. complete sys- 
tems. Deadline: 10 January 1962. (John 
Clark, Sandy Hook Marine Labora- 
tory, P.O. Box 428, Highlands, N.J.) 


The first in a series of three 90- 
minute programs on man’s scientific 
frontiers in the space age will be pre- 
sented on NBC-TV on 24 November 
at 9 p.m. (EST). The biography of 
a hypothetical manned orbital flight, 
“Crossing the Threshold,” will be 
based on material gathered from pre- 
vious test or manned projectile flights. 
The program will emphasize the 
human side of the flight and its effect 
on participants, rather than the purely 
technical aspects. 

The second program in the series, 
“At the Threshold,” will examine the 
cost, feasibility, and timetable of 
America’s space projects, including ex- 
ploration of the moon. 

A third program, “Other Thresh- 
olds,” will explore and compare sume 
additional scientific plans, objectives, 
and accomplishments in the United 
States. 


Translation of three Soviet journals 
(Preblems of Hematology and Blood 
Transfusion; Journal of Microbiology, 
Epidemiology, and Immunobiology; 
and Problems of Virology) has been 
discontinued by the National Library 
of Medicine’s Scientific Translation 
Program. Commercial editions of 
these journals will be published inde- 
pendently by Pergamon Press, Head- 
ington Hill Hall, Oxford, England; and 
Royer and Roger, 1000 Vermont Ave., 
NW, Washington 5, D.C. 


Courses 


The University of Wisconsin’s En- 
gineering Refresher Institutes will hold 
2-day courses in civil engineering (9-10 
Nov.), mechanical engineering (7-8 
Dec.), and electrical engineering (11-12 
Jan. 1962). The entire refresher series 
will be repeated in Milwaukee during 
the 1962 February to June semester. 
Initial registration for each course is 
$25; any additional 2-day course in the 
series is $15. (Cass F. Hurc, Engineer- 
ing Refresher Institutes, University of 
Wisconsin, Madison) 
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Meeting Notes 


The annual symposium of the na- 
tional medical, dental, and veterinary 
consultants to the U.S. Air Force sur- 
geon general will be held on 2 and 3 
November in Columbus, Ohio. Approx- 
imately 50 of the 73 civilian consultants, 
together with Air Force staff members 
and chiefs of professional medical serv- 
ices stationed internationally, will dis- 
cuss the Air Force practitioner’s role in 
international relations. (Ohio State Uni- 
versity Information Service, 190 N. 
Oval Drive, Columbus 10) 


The 7th Institute on Research Ad- 
ministration, previously planned for 16—- 
20 October 1961, has been rescheduled 
for 23-27 April 1962, in Washington, 
D.C. The theme of the program, spon- 
sored by American University’s school 
of government and public administra- 
tion, will be “organizing for basic scien- 
tific research.” (Lowell H. Hattery, Cen- 
ter for Technology and Administration, 
A.U., 1901 F St., NW, Washington 6) 


The second annual meeting of West 
Germany’s Society for Economics and 
Social Sciences in Agriculture, a newly 
founded association of agricultural 
economists and rural sociologists, was 
held in Stuttgart-Hohenheim from 9 to 
13 October. Discussion sessions, stress- 
ing the importance and applications of 
econometric methods in agricultural 
economics research, were chaired by 
H. Ruthenberg (Department of Foreign 
Agriculture, Berlin-Dahlem), G. Wein- 
schenck (Gottingen), K. Hage (Farm 
Management Department, Giessen), P. 
Meimberg (Giessen University), and 
H. St6we (Hamburg University). (Ge- 
sellschaft Wirtschafts-und Sozialwissen- 
schaften des Landbaues, Giessen/ Lahn, 
Landgraft-Philipp-Platz 4, Germany) 


An international symposium on vol- 
canology will be held from 9 to 19 
May 1962 in Tokyo. The program will 
cover prediction of volcanic eruption 
and the relation between magmas and 
the nature of volcanic eruptions. Field 
trips are scheduled to Kyushu Island 
(5 days), Hokkaido Island (5 days), 
and Oshima Volcano (3 days). (Ameri- 
can Geological Institute, 2101 Consti- 
tution Ave., NW, Washington 25, D.C.) 


An international symposium on plas- 
tic and reconstructive surgery of the 
eye and adnexa will be held in New 
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York from 21 to 25 May 1962. The 
symposium will include surgical films 
and televised surgical sessions. Papers 
may be submitted in either English, 
French, or Spanish, and will be simul- 
taneously translated upon presentation. 
Deadline for registration (USA and 
Canada, $100; other countries, $50): J 
December 1961. (Richard Troutman, 
Manhattan Eye, Ear and Throat Hos- 
pital, 210 E. 64 St., New York 21) 


A symposium on the cellular basis 
and etiology of late somatic effects of 
ionizing radiations will be held in Lon- 
don from 27 to 30 March 1962. (H. 
G. Kwa, Department of Natural Sci- 
ences, UNESCO, -Place de Fontenoy, 
Paris 7°) 


Grants, Fellowships, and Awards 


Full-time research fellowships, grants- 
in-aid, and student fellowships in 
ophthalmology and related sciences 
are available through the National 
Council to Combat Blindness. Deadline 
for applications for 1962-63 period: 
I March. (Secretary, NCCB, 41 W. 57 
St., New York 19) 


The Office of Naval Research has 
established a contract program for 
basic research in logistics or related 
areas which provides $10,000 individ- 
ual support for 1 year, to be awarded 
on the basis of unpublished manu- 
scripts on multistage inventory models 
and techniques. Equally acceptable are 
papers primarily in other areas, such 
as dynamic programming or queuing 
theory, which can be clearly related 
to either the development or use of 
multistage inventory models. Appli- 
cants may be students or graduates 
who obtained their last academic de- 
gree within the past 5 years. Deadline 
for receipt of manuscripts: 3] Decem- 
ber 1961. (Logistics and Mathemati- 
cal Statistics Branch, ONR, Washing- 
ton 25, D.C.) 


Graduate and undergraduate schol- 
arships in conservation are available 
through the National Wildlife Federa- 
tion. Graduate students may obtain up 
to $1000; undergraduates, who have 
completed at ieast 1 year of college, 
up to $500. Deadline: 2 December 
1961. (Executive Director, National 
Wildlife Federation, 1412 16 St., NW, 
Washington 6, D.C.) 





Contributions to science and research 
involving use of copper, brass, or bronze 
are being solicited for entry in the 1962 
copper and brass achievement awards 
competition. First-prize awards of $500 
will be presented in two categories: in- 
dustrial and architectural. Deadline for 
nominations: 31 March 1962. (Copper 
& Brass Research Association, 420 Lex- 
ington Ave., New York 17) 


Applications are being accepted for 
the 1962-63 James W. McLaughlin re- 
search fellowships in infection and im- 
munity. Stipends are $3600 for predoc- 
toral and $7500 for postdoctoral fel- 
lows, plus allowances. Applications 
should be submitted not later than 
3 months prior to the date the fellow- 
ship is to become effective. (L. L. Salo- 
mon, McLaughlin Office, University of 
Texas Medical Branch, Galveston) 


Organizations and individual investi- 
gators are invited to submit research 
proposals in fluid mechanics for inclu- 
sion in the Bureau of Ships’ funda- 
mental hydromechanics research pro- 
gram, administered by the Navy De- 
partment’s David Taylor Model Basin. 
Proposals, directed toward fundamen- 
tal problems in naval hydromechanics, 
should state the problem, the proposed 
method or methods for its solution, and 
the relationship of the problem to the 
needs of the Navy. Areas of interest 
include resistance, propulsion, stability, 
control, seakeeping characteristics, and 
radiation of underwater sound. Dead- 
line for submission of proposals (4 
copies): 15 March 1962. (David Taylor 
Model Basin, Contract Research Ad- 
ministrator, Code 513, Washington 7, 
D.C.) 


Applications are being accepted for 
the 1962-63 Boris A. Bakhemeteff re- 
search fellowship in mechanics of flu- 
ids. The study and research may be 
undertaken at an institution of the fel- 
low’s choice. However, the adequacy 
of the institution’s facilities will have 
substantial influence in the selection 
of the fellow. The recipient must be a 
full-time graduate student who is a 
candidate for the master’s or doctor’s 
degree. A maximum stipend of $3000 
is expected to cover tuition, subsist- 
ence, and if necessary, a portion of 
the research expenses. Deadline: /5 
February 1962. (William Allen, School 
of Technology, City College of New 
York, New York 31) 
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Scientists in the News 


Loren C. Eiseley, anthropologist and 
provost of the University of Pennsyl- 
vania, has resigned his administrative 
post to accept a fellowship at Stan- 
ford’s Center for Advanced Study in 
the Behavioral Sciences. He will re- 
turn to the university in the fall of 1962 
as professor of anthropology and the 
history of science. Eiseley is succeeded 
as provost by David R. Goddard, 
Keummerle professor of botany and 
director of the university’s division of 
biology. 


Paul Rosbaud, European editor for 
Interscience Publishers, is the first re- 
cipient of the American Institute of 
Physics’ John T. Tate international 
medal, presented for “distinguished 
service to the profession of physics.” 


Jens C. Clausen, plant geneticist in 
the Carnegie Institution of Washing- 
ton’s plant biology department at Stan- 
ford, California, has been knighted by 
King Frederik IX of Denmark for “his 
outstanding contributions to science.” 


Guy M. Pound, professor of metal- 
lurgical engineering at Carnegie Insti- 
tute of Technology, has been named 
Aluminum Company of America pro- 
fessor of light metals. He succeeds 
Frederick Rhines, who held the posi- 
tion from 1945 until 1959. 


Leroy G. Augenstine, of Brookhaven 
National Laboratory, and Barnett Ro- 
senberg, of New York University, have 
been appointed professor and associate 
professor of biophysics, respectively, 
at Michigan State University. 


Recent awards of the Franklin In- 
stitute: 

Josiah L. Merrill, Jr., of Bell Tele- 
phone Laboratories, will receive the 
Edward Longstreth medal for his re- 
search on telephone transmission. 

Rudolf L. Mossbauer, of California 
Institute of Technology, will receive 
an Elliott Cresson medal for his dis- 
covery of recoilless emission of gamma 
radiation. 

Detley W. Bronk, president of the 
Rockefeller Institute and of the Na- 
tional Academy of Sciences—National 
Research Council, has won the Frank- 
lin medal, the institute’s highest award, 
for “his scientific leadership in bio- 
physics.” 
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William Vogt, national director of 
the Planned Parenthood Federation of 
America for the past 10 years, has re- 
signed. He will continue as a member 
of the federation’s board of directors. 


The Public Health Service has an- 
nounced the appointment of the fol- 
lowing new members of the advisory 
committee on the U.S. National Health 
Survey—a continuing program estab- 
lished by the PHS to determine the 
amount and type of illness in the pop- 
ulation, and to gather information on 
related health topics. 

J. Douglas Colman, of the Associ- 
ated Hospital Service of New York. 

Harry Hineman, director of the actu- 
arial division of Indianapolis (Ind.) Blue 
Cross—Blue Shield. 

John P. Lee, member of the board of 
national missions of the United Presby- 
terian Church in New York. 

Daniel W. Pettingill, chief actuary for 
Aetna Life Insurance Company in Hart- 
ford, Conn. 

Russell B. Roth, member of the 
American Medical Association’s coun- 
cil on medical services. 

Mary Weaver, former consultant on 
medical assistance standards in the So- 
cial Security Administration. 

Donald Young, president of the Rus- 
sell Sage Foundation in New York. 


Roland W. Force, curator of oceanic 


archeology and ethnology at Chicago 
Natural History Museum, has been ap- 
pointed director of the Bernice P. Bish- 
op Museum in Honolulu, Hawaii. 


John B. Rogerson, senior research 
associate and lecturer at the Princeton 
University Observatory, has been ap- 
pointed executive director of the ob- 
servatory’s space telescope program, 
aimed at spectroscopic observations of 
stars from sounding rockets and satel- 
lites. 


Isaac Schour, dean of the University 
of Illinois college of dentistry, has re- 
ceived the 1961 Henry Spenadel award 
for “outstanding contributions to the 
advancement of dentistry or the den- 
tal profession.” 


H. Clark Dalton, former associate 
professor of biology at New York Uni- 
versity’s college of arts and sciences, 
has been appointed professor and chair- 
man of the biology department at the 
university. 


Clifford S. Sato, biochemist formerly 
associated with the U.S. Department 
of Defense’s Division of Biochemistry 
in Japan, and with Argonne National 
Laboratory, has been named head of 
Cal-Atomic, a division of the Cali- 
fornia Corporation for Biochemical 
Research, in Los Angeles. 


Aden B. Meinel, former associate di- 
rector of the Kitt Peak National Ob- 
servatory, has been appointed professor 
of astronomy in the University of Ari- 
zona’s Steward Observatory and re- 
search professor at the university’s 
Lunar and Planetary Laboratory. 


Crawford H. Greenewalt, president 
of E. I. du Pont de Nemours & Com- 
pany, is the 1962 recipient of the John 
Fritz medal, the highest honor of the 
engineering profession. 


Max S. Peters, head of the division 
of chemical engineering at the Univer- 
sity of Illinois, has been named dean 
of the University of Colorado College 
of Engineering. 


Recent Deaths 


G. C. J. Dalton, 45; director of the 
Australian Atomic Energy Research 
Establishment; 17 July. 

Howard J. Daly, 64; vice president 
and director of Norton Company, Wor- 
cester, Mass.; 7 Oct. 

George C. Engerrand, 84; emeritus 
professor of anthropology at the Uni- 
versity of Texas; 2 Sept. 

Walter R. Fallon; specialist in ob- 
stetrics and gynecology; attending 
physician at St. Joseph and Cook 
County (Illinois) hospitals for 29 years; 
31 July. 

William R. Larkin; former chief of 
the medical staff at the University of 
Illinois Hospital, and retired staff mem- 
ber of the Columbus Hospital in IIli- 
nois; 16 July. 

George B. Rigg, 89; emeritus pro- 
fessor of botany at the University of 
Washington; 10 July. 

Morton Scharff, 34; physicist at the 
Copenhagen Institute for Theoretical 
Physics, Denmark; 15 Apr. 

E. Allan Williams, 53; professor of 
physics at the University of California, 
Santa Barbara; 11 July. 

J. Edmund Woods, 66; faculty mem- 
ber of Queens College department of 
physics for 23 years; 12 Aug. 
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BOOK REVIEWS 





The Urban Focus 


Is there a common problem and method in studies 
of city development—a science of “urbanology”? 


During recent years there has been 
an understandable preoccupation with 
urban transformations. City planners 
are busy with the future, while scholars 
are seeking understandings of urban 
change from the past. The three books 
herein reviewed deal mainly with the 
early development of cities, but they 
exemplify the very unlike approaches 
of humanists, social scientists, natural 
scientists, and, if one can classify Lewis 
Mumford, of a philosopher, prophet, 
and urban reformer. Despite the dif- 
ferences in conceptualization of data 
and interpretation, there is reason to 
suppose that an emerging science of 
“urbanology” will find a common 
ground. 

Gideon Sjoberg’s The Preindustrial 
City (Free Press, Glencoe, Illi., 1960. 
353 pp. $6.75) is a sociological analysis 
of cities within feudal or preindustrial 
societies throughout history. These 
cities are contrasted in all fundamentals 
with modern industrial cities, such as 
those delineated by the so-called Chica- 
go school of urban sociology—Park, 
Burgess, McKenzie, and others. The 
preindustrial city first appeared in the 
Near’ East in predynastic times, when, 
owing to agricultural surpluses, the 
primitive folk society was transformed. 
It occurred under similar conditions in 
South Asia, the Far East, and the New 
World. It is represented today by such 
cities as Seoul, Peking, Timbuktu, 
Cairo, Mecca, and Fez. In all cases, 
its social institutions are so similar that 
it represents a single sociocultural type. 

Lewis Mumford’s The City in His- 
tory (Harcourt, Brace and World, New 
York, 1961. 657 pp. $11.50) differs 
fundamentally from Sjoberg’s volume in 
presenting a developmental interpreta- 





The author, graduate research professor of 
anthropology and member of the Center for 
Advanced Study at the University of Illinois, is 
currently at the Center for Advanced Study in 
the Behavioral Sciences, Stanford, Calif. 
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tion rather than a cross-cultural analy- 
sis of synchronically conceived data. 
Its sequence starts with assembly places 
of Paleolithic men, leads into Neolithic 
villages, then traces urban centers 
through the periods of the early Near 
East, classical Greece and Rome, and 
the Middle Ages to the modern West- 
ern world. It largely omits cities that 
were not in the Near East-European 
tradition. 

The City in History is written with 
tremendous erudition (though mainly 
limited to cities Mumford knows from 
personal observation), but it has 
speculative forays into the philosophi- 
cal, moralistic, and even psychoanalytic. 
The basic theme is that, while cities 
are the “containers” of civilization and 
have brought people together in crea- 
tive interaction, they also subject men 
to depersonalizing regimentation and 
occupational specialization. Above all, 
today, cities make men the creatures 
rather than the masters of technologi- 
cal development and expose them to 
mass extermination in nuclear warfare. 
Mumford’s strong value orientation 
places him a little outside the primarily 
objective scholarship that characterizes 
the other two books. 

City Invincible (Carl H. Kraeling 
and Robert M. Adams, Eds. University 
of Chicago Press, Chicago, Ill., 1960. 
446 pp. $6) reports a symposium on 
urbanization and cultural development 
in the ancient Near East held at the 
Oriental Institute (University of Chica- 
go) in December 1958. It differs from 
the preceding books in its multiple 
authorship and its interdisciplinary ap- 
proach. The last 200 pages comprise 
11 background papers, while the first 
246 pages record three days of discus- 
sion by 50 participants and a conclud- 
ing address by Lewis Mumford. More 
than half of the discussants are primari- 
ly humanists: classical archeologists, 





linguists, and historians of Egyptology, 
Assyriology, Hittitology, Biblical arche- 
ology, Hellenistic studies, and other 
specialties. 

City Invincible covers some 6000 to 
8000 years. It deals with the origins 
of plant and animal domestication and 
with the development of the first farm 
villages, towns, and city-states, as well 
as with the development of various 
Near Eastern, Grecian, and Roman 
empires. The emphasis is humanistic in 
that it focuses primarily upon the great 
achievements in art, literature, writing, 
architecture, religion, political institu- 
tions, law, and other aspects of culture 
that distinguished each period and lo- 
cal area. In this respect, it somewhat 
resembles The City in History, except 
that its subject matter embraces a 
shorter time span and that it lacks 
value judgments. 


Antithetical Emphases 


But the discussants in City Invincible 
also include some 15 social scientists, 
representing geography, anthropology, 
economics, social institutions, compara- 
tive law, and _ political philosophy. 
Whereas the humanists are interested 
in the distinguishing particulars of each 
culture—one even states that for their 
purposes differences between cultures, 
for example, between Egypt and 
Mesopotamia, are more important 
than similarities—the social scientists 
raise many questions concerning cross- 
cultural similarities of social structure, 
ideologies, and developmental proc- 
esses, which imply the possibility of 
making interpretative generalizations. 
While some of the humanists doubt 
that cities occurred in ancient Egypt 
and state that the dynasties appeared 
full-blown without a stage of city- 
states, Hoselitz, an economist, points 
out that the existences of cities is a 
matter of definition in terms of size, 
plan, and function. Such definitions 
might have heuristic value in under- 
standing the development of any city. 

Again, whereas the humanists con- 
trast religious ideology and world view, 
especially as between Egypt and 
Mesopotamia, an anthropologist, Clyde 
Kluckhohn, outlines possible similari- 
ties in the functions of the moral order 
in any expanding society, that is, de- 
veloping cities and states. Similarly, 
Milton Singer suggests a number of 
processes of urbanization and cultural 
development which he and Robert Red- 
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field had previously postulated to have 
cross-cultural validity. While the social 
scientists’ interest in generalizations 
somewhat offsets the humanists’ par- 
ticularism, these generalizations remain 
largely implicit and are far more tenta- 
tive and limited in scope than those 
of Sjoberg, who unhesitatingly presents 
a long list of the characteristics of all 
preindustrial cities. The symposium 
also includes three “dirt” archeologists 
who contribute data on the prehistory 
of the Near East and New World. 

City Invincible and The City in His- 
tory accord little attention to cultures 
other than those antecedent to the 
modern Western World. But in City 
Invincible the New World archeologist, 
Gordon Willey, describes the tropical 
forest agriculture and the ceremonial 
centers and dispersed settlements of 
Meso-America and the irrigation farm- 
ing and more nucleated settlements of 
Peru. This New World farming con- 
trasts with that of the Near East, but 
it is not a difference in humanistic or 
stylistic emphasis. That the largest ir- 
rigation systems of Mesopotamia fol- 
lowed state development is evidently a 
function of the intertwining network 
of river channels, which obviated the 
need for state planning up to a certain 
point. In the deep valleys of Peru, ex- 
pansion of irrigation, increase of farm 
production, demographic growth, and 
the development of communities, cities, 
and states seem to have been more 
synchronized. 


Equivocal Status 


Some of the differences between the 
books are purely a matter of semantics. 
Sjoberg, while conceding that Meso- 
America had preindustrial cities, dis- 
claims a similar development in Peru 
on the grounds that the latter had no 
writing. To exclude Chanchan, a pre- 
historic Peruvian city consisting of a 
square mile of carefully planned streets, 
house clusters, temples, gardens, and 
other features within an enclosing wall, 
seems arbitrary, and to ignore the great 
Inca Empire, which extended from 
Ecuador to Chile, is to omit one of the 
world’s great preindustrial societies. The 
Oriental Institute symposium also de- 
bated whether writing is an essential 
feature of civilization and therefore 
whether the culture of Jericho, which 
lacked writing, ranked as civilized. 

More fundamental differences in- 
volve the question of whether similari- 
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ties between cultures should be in- 
terpreted as independent invention or 
diffusion—a long-standing problem of 
anthropology. The humanists so em- 
phasize distinctiveness of achievement 
that the problem does not arise, al- 
though they recognize that very general 
ideas, such as writing, may have spread 
through the Near East and beyond. 
Sjoberg, by contrast, assumes that all 
cases of preindustrial cities represent 
the independent operation of similar 
processes. He is aware of stylistic dif- 
ferences, but he observes that these 
can be better assessed after the struc- 
tural-functional similarities have been 
delineated (page 21). 

Mumford appears to be an out-and- 
out diffusionist. He is so impressed by 
the similarities between native Ameri- 
can and ancient Near Eastern cities 
that, despite the abundant archeological 
evidence supporting a theory of in- 
digenous development of New World 
cities and _ civilizations—evidence of 
which he appears uninformed—he 
cannot believe that these two centers 
could have developed independently. 
He asks, “Was this New World urban 
complex due to an original predisposi- 
tion toward urban life carried in the 
genes? Or is it an instance of a Jungian 
collective archetype, transmitted even 
more mysteriously? Or is the New 
World urban complex the result of an 
astonishing conspiracy of accidents 
whose ultimate convergence with those 
of the Old World would be nothing 
short of a miracle?” He concludes that 
somehow the fundamentals of cities 
diffused to native America from the 
Old World, but he offers no theory 
about how this was accomplished. Thus, 
three wholly different conclusions are 
drawn from the same data. The 
humanists see no problem of diffusion 
or independent operation of process. 
Mumford, on the contrary, considers 
the two hemispheres to be so identical 
that diffusion is the only conceivable 
explanation. Sjoberg is also impressed 
by the identities between the Old and 
New Worlds but interprets them as 
instances of independent urban devel- 
opment. 


Common Denominator 


A science of urbanology might start 
with the position of Sjoberg which con- 
stitutes an important advance over that 
of the Chicago urban sociologists, in 
that it adds a second type of city, the 


preindustrial city, to the industrial city. 
All preindustrial cities are said to be 
characterized by a distinctive complex 
of interrelated phenomena. Their agrar- 
ian base affords a food surplus which 
supports a superordinate ruling class, 
bureaucrats, and many specialists. The 
upper class is hereditary, it controls the 
state through theocratic sanctions and 
military power; it exacts tribute from 
the peasants, receives luxury items 
produced by craft specialists living in 
the cities, commandeers produce from 
surrounding areas and trade routes, 
and has complete authority over the 
lower class and outcaste groups. It 
maintains status through conspicuous 
consumption, is trained in literacy in 
special schools (this was probably a 
rare trait), and practices arranged mar- 
riages. Men are dominant, women re- 
maining in the background. Lower-class 
artisans are organized in_ kin-based 
guilds, they live in special barrios in 
the cities, and they market their goods 
without fixed prices. The lower class 
culture is a “culture of poverty,” as 
Oscar Lewis describes it. 

Such characterization of the prein- 
dustrial society and its cities is un- 
questionably significant in contrast with 
the folk society and with the industrial 
society. Many of the distinguishing 
particulars highlighted by the humanists 
may be functionally similar in differ- 
ent societies despite stylization. In the 
case of writing, for example, it is less 
important whether the script is cunei- 
form, Mayan or Egyptian hieroglyphic, 
or alphabetic than whether it serves to 
record produce, taxes, historic events, 
or other matters which are important 
to societies that have structural similari- 
ties. Monumental architecture may also 
differ stylistically yet serve to house the 
ruling classes and the theocratic ap- 
paratus which supports the state. 


Urbanology’s Subcategories 


Not all the dissimilarities stressed by 
the humanists, however, can be written 
off as mere distinctive stylistic embel- 
lishments. For example, City Invincible 
paid some attention to multiple socie- 
ties, that is, states and empires—and 
even cities—which consisted of diverse 
ethnic, racial, linguistic, and religious 
groups. A broader comparative study 
of such diversity together with more 
detailed analysis of the nature of 
peasants, chattel slaves, outcastes as in 
India and Japan (the Eta), and classes 
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of artisans, priests, and bureaucrats 
would go far toward defining the com- 
position and structure of societies. Dif- 
ferences between cities which are dis- 
persed around ceremonial centers and 
those which are concentrated within 
walls certainly also have implications 
for social structure. Differences between 
traditional village laws and nationally 
codified laws and between the role of 
money, markets, and commerce are 
also matters discussed at the Oriental 
Institute symposium, but not viewed in 
cross-cultural perspective. All of these 
matters, however, constitute important 
variables within the great category of 
“preindustrial city,” and they will re- 
quire division of this category into 
several major subcategories. 

The problem of urbanology, then, 
may have a middle ground concerning 
the meaning of cross-cultural similari- 
ties. There are more types of society 
than Sjoberg’s folk, feudal, and indus- 
trial, but each type is not necessarily 
unique. The many varieties of Near 
Eastern cultures discussed in City In- 
vincible and The City in History ex- 
emplify the operation of different proc- 
esses and their culminations in unlike 
types in major developmental periods. 
Mesopotamia seems to have developed 
farm villages, towns, city-states, and 
then states, whereas Egypt amalgam- 
ated its farm villages very rapidly into 
large political units without clear inter- 
vening stages. Comparison of these 
with the types of sociopolitical struc- 
tures that developed in India, the Far 
East, and native America would lay an 
empirical basis for a more solid tax- 
onomy of societies and cultures. 

The methodological point is that one 
may start with a high order of general- 
ization,.as in Sjoberg’s study, or with 
stress upon distinguishing particulars, 
as in much of City Invincible, or with 
intermediate levels of generalization. 
The main obstacle to broadening the 
humanists’ approach is that they so 
often see cultural achievements as 
unique expressions of man’s creativity 
which are not subject to causal formu- 
lation that they are reluctant to proceed 
from the particular to the general. 

Owing to the humanists’ lack of in- 
terest in a comparative method and the 
sociologists’ general indifference to his- 
tory, some very fundamental problems 
are not squarely faced. Cities are de- 
scribed as the loci of state rulers, 
priests, bureaucrats, artisans, merchants, 
and other special groups which ap- 
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peared only after agriculture afforded 
a surplus. But no one has postulated 
why the farm population was willing 
to surrender its surplus’ to the city- 
dwelling rulers. It appears that theo- 
cratic rather than military controls 
were the first source of state power in 
many instances, but we are offered no 
explanation of why this was so. The 
eventual rise of military power also 
lacks causal hypotheses. Mumford 
alone comes to grips with these prob- 
lems. He speculates that the practice of 
human sacrifice in primitive fertility 
rites eventually led to wars of conquest, 
and he imagines that “the urban in- 
stitution of war was . . . rooted to the 
magic of a more primitive society [the 
Paleolithic hunter], which he describes 
as “a childish nightmare . . .” which, 
in modern society, survives as a belief 
“in the collective unconscious . . . that 
only by wholesale human sacrifice 
[modern warfare] can the community 
be saved” (pages 42-45, passim). One 
wishes that Mumford knew a little 
more anthropology and _ psychology, 
but science is far better advanced by 
giving the wrong answer to a problem 
than by failing to recognize that the 
problem exists. 

The methods of urbanology can be 
broadened to have a place for the 
many studies of contemporary urban- 
ization that are being carried out 
around the world. One need not decide 
whether Mecca, Nairobi, Fez, Cuzco, 
or Hongkong are industrial or prein- 
dustrial. Modernizing processes—such 
as education, technological develop- 
ment, communications, transportation, 
and others—are not only affecting dif- 
ferent segments of the urban and sub- 
urban populations in distinctive ways 
but they are penetrating the hinterland, 
transforming the native, rural societies. 





Synthesis of Views 


Macroscopically viewed, urbaniza- 


tion reflects key transitional points, 
which are implicit in all three volumes: 
transformation of the food hunter and 
collector into settled farmers; amalgam- 
ation of farm villages into states, whose 
civilized institutions are concentrated 
or “contained” in the dominant city or 
cities; industrialization, which creates 
new roles and statuses and affords 
greater individual mobility. Micro- 
scopically viewed, there are multilinear 
lines of evolution and significantly dif- 


’ 





ferent sociocultural and political types 
within these larger categories and de- 
velopmental periods. 

While the three volumes do not re- 
duce their objectives to such simple 
terms as discussed in this review, they 
cross interdisciplinary boundaries to an 
extraordinary extent. This is especially 
true of City Invincible, which is. the 
least integrated but the most interesting 
because of the exchange of opinions 
between so many kinds of scholars. 
There is no doubt that, as individual 
scholars know more about one an- 
other’s disciplines, or can draw upon 
their colleagues’ knowledge, differences 
in purpose, method, and interpretation 
will narrow. 


9 Planets, 31 Satellites 


The Solar System. vol. 3, Planets and 
Satellites. Gerard P. Kuiper and 
Barbara M. Middlehurst, Eds. Uni- 
versity of Chicago Press, Chicago, 
Ill., 1961. xx + 601 pp. Illus. $12.50. 


Until the latter part of the 19th 
century the science of astronomy was 
almost entirely concerned with the 
planets, and truly great discoveries 
were made in efforts to interpret 
planetary motions. Copernicus, Kepler, 
Galileo, and Newton, to name but a 
few of the early greats, helped to cre- 
ate the concept of modern natural sci- 
ence while studying the planets. The 
introduction, within the last century, 
of photography and spectroscopy with 
large reflectors turned the attention of 
astronomers to the stars, the Galaxy, 
and the entire observable universe; 
these explorations were so exciting that 
there was an almost complete abandon- 
ment of planetary studies. Nevertheless, 
the new instruments, techniques, and 
ideas developed in stellar studies could 
be and were usefully applied in plane- 
tary studies and broadened such re- 
search far beyond the purely dynamical 
approach. 

The pendulum is beginning to swing 
the other way as extensive and expen- 
sive space probes are being made in in- 
creasing numbers, size, and range. The 
next 10 years should witness the excit- 
ing exploration of the surfaces of the 
Moon, Mars, and Venus. Such rocket 
research, several orders of magnitude 
more expensive than conventional 
astronomical observations, must be 
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planned with extreme care; such plan- 
ning will depend heavily—for the im- 
mediate future—on ground-based ob- 
servations. The publication of this book 
at this time is therefore especially 
timely. 

Planets and Satellites is the third in 
a series of five volumes on the solar 
system. It has been 7 years since the 
publication of volume 2, The Earth as 
a Planet, and it is to be hoped that 
publication of volumes 4 and 5, which 
will deal with the Moon, meteorites, 
comets, and the interplanetary medium, 
as well as with additional material on 
planets, will not be so long delayed in 
publication. 

The 18 chapters were written by 19 
active specialists who had access to im- 
portant unpublished literature and who 
were in a position to evaluate the wide- 
ly scattered literature in critical fashion. 
Chapter 1 deals with the Earth as seen 
from space by TIROS. Chapter 2 gives 
a very readable account of the Lowell 
Observatory’s transneptunian planet 
search. The next three chapters discuss 
orbits and masses, the stability of the 
solar system, and planetary interiors; 
this last subject should soon receive a 
real boost, as standard geophysical 
techniques are applied on the surface 
of the Moon and the nearby planets. 
Chapters 6 through 9 are concerned 
with the photometry and polarimetry 
of the Moon, planets, and satellites, 
while the next two chapters are devoted 
to planetary temperatures and recent 
radiometric studies. The surprising new 
radio observations of the Moon and 
planets are treated in chapters 12 
through 14, while chapter 15 is an ex- 
cellent account of the Pic du Midi 
planetary studies. This is followed by 
photographs of the planets taken with 
the 200-inch telescope and Finsen’s 
color photographs of Mars. The last 
chapter is by Kuiper, who discusses 
limits of completeness of searches for 
intramercurial planets and for new 
satellites. 

So much important previously un- 
published material is in this book that 
the subject matter bears but slight re- 
semblance to any other textbook or 
monograph. I can heartily recommend 
this volume both as a°reference book 
for the specialist and as a source of in- 
formation for scientists working in 
allied fields of study. 

JoHN B. IRWIN 
Department of Astronomy, 
University of California, Los Angeles 
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Research Leads 


Values and Ideals of American Youth. 
Eli Ginzberg, Ed. Columbia Univer- 
sity Press, New York, 1961. xii + 
338 pp. $6. 


This volume preserves 22 selected 
papers of the 1961 Golden Anniversary 
White House Conference on Children 
and Youth. The contributors represent 
18 professional specialties. Examples 
include pediatrics, child psychology, 
university administration, and theology. 
The contributions are conformably 
diverse. They are not, in most instances, 
expressly about the values and ideals of 
American youth. Indeed, they are about 
so many things of severally unique im- 
port that a topical breakdown seems 
obligatory here. 

Eight essays are captioned Develop- 
ment and Adaptability. René J. Dubos 
and Charles A. Janeway take turns in 
widely ranging pursuit of biologic 
factors in adaptation to technological 
change. Irene M. Josselyn and Margaret 
Mead view older youth in the toils of 
social change, from vantage points re- 
spectively of psychoanalysis and cul- 
tural anthropology. Winston Ehrmann 
interprets data on sexual practices and 
codes of adolescents. Urie Bronfenbren- 
ner reviews evidence that the American 
child has changed in response to change 
over recent decades in patterns of child 
rearing. Richard G. Axt analyzes the 
hard task of adapting higher education 
to its rising student tide. Earl A. Loom- 
is considers the newer place of religion 
in the life of the child. 

Six papers are headed Problem 
Areas. Lester B. Granger probes into 
ways to effect “community organiza- 
tion for social change.” Norman V. 
Lourie surveys theory of and practice 
to prevent juvenile delinquency. Ross 
A. McFarland and Roland C. Moore 
track the automobile as one vexing 
root of trouble for youth, and Herbert 
B. Warburton scrutinizes pornographic 
literature as another. Hilda Taba and 
Frederick D. Patterson separately’ at- 
tack recent issues of intergroup rela- 
tions as these involve young people. 

Concluding addresses are headed 
Values in Transition. Liston Pope as- 
sesses signs of a revisionary outlook by 
youth upon traditional American 
values. Kenneth B. Clark evaluates con- 
ceptions and methods of discipline in 
child rearing, with interest first in crea- 
tive outcomes. Henry Enoch Kagan 


assays institutional obligations and op- 
portunities in the teaching of values. 
Talcott Parsons applies to diagnosis of 
morality in the young his instrumental- 
istic version of the American value 
system. Joseph Sittler inquires into the 
“interior dynamics” of maturing ideals 
and values. T. V. Smith appeals on be- 
half of youth for an imaginatively 
pluralistic morality. Lawrence J. Mc- 
Ginley argues for “transcendent values” 
to insure individual fulfillment against 
organizational complexity. Abram L. 
Sacher details a need to create a “cli- 
mate of commitment” for “our cool 
and uncommitted young.” 

The papers together suggest (i) that 
children and youth now have and pose 
enormous problems, (ii). that knowl- 
edgeable and articulate persons of 
many callings are actively interested in 
these problems, (iii) that their wisdom 
in the matter stands to help, but (iv) 
that we now have to rely too much 
upon such wisdom, for lack of research 
to test, integrate, and extend it. Yet 
here are leads, some telling research, 
and some inspiration for research to 
the purpose. 

HERBERT F. WRIGHT 
Department of Psychology, 
University of Kansas 


Writing and Decipherment 


Voices in Stone. The decipherment of 
ancient scripts and writings. Ernst 
Doblhofer. Translated by Mervyn 
Savill. Viking, New York, 1961. xi 
+ 327 pp. Illus. $6. 


This book is definitely not for the 
readers of Science. To be sure, it does 
cover in a superficial sort of way the 
history of the decipherment of practi- 
cally all the ancient scripts: Egyptian, 
Old Persian, Babylonian, Hittite, 
Ugaritic, Gublitic, Cypriote and Cre- 
to-Mycenean. But instead of present- 
ing a straightforward account of the 
relevant methods and procedures and 
letting these speak for themselves, as 
it were, it interlards the more informa- 
tive sections with inane, insipid, and 
adolescent observations on the character 
and endowments of the decipherers, 
and does so in exaggerated and 
“dramatic” phraseology which would 
bring a blush to the cheek of many of 
them. Add to this a translation which 
is often inexact, clumsy, and at times 
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even ludicrous, and you have an un- 
savory concoction hardly to be recom- 
mended. 

This rather mannered tome is one 
of a rash of amateurish and adulatory 
“popular” books on archeology and 
related subjects, published since the 
Second World War, which tend to fill 
the specialist, whose handiwork they 
exploit, with chagrin and dismay. For 
these specious works are not designed 
to inform and enlighten but to edify, 
inspire, and enthrall. In the case of: the 
ancient Near East, for example, the 
intent is often to “prove” the Bible, or 
to glamorize the ancients as knowers 
and purveyors of profound mysteries, 
or to take advantage in one way or an- 
other of the current yearning to 
“escape” to the past from a bitter 
present and an ominous future. 

It needs no stressing that effective 
“vulgarization” of the findings and re- 
sults of archeological research is highly 
desirable for its educational and hu- 
manistic value, and should be en- 
couraged on every hand. Fortunately 
the specialists themselves are now de- 
voting part of their time and energy 
to this end. Thus, to return to writing 
and decipherment, the themes of the 
book under review, the adult reader 
will find succinct, lucid, and informa- 
tive accounts in the works of two 
distinguished scholars: I. J. Gelb’s A 
Study of Writing (University of Chica- 
go Press, Chicago, IIl., 1952) and Jo- 
hannes Friedrich’s Extinct Languages 
(Philosophical Library, New York, 
1957). 

SAMUEL NOAH KRAMER 
University Museum, 
University of Pennsylvania 


Russian Numerical Analysis 


Approximate Methods of Higher Anal- 
ysis. L. V. Kantorovich and V. I. 
Krylov. Translated from the third 
Russian edition by Curtis D. Benster. 


Interscience, New York, 1959. xv 
+ 681. $17. 
The recent advent of high-speed 


computers has brought about a tre- 
mendous increase of activity in the field 
of numerical analysis. Most of the work 
is centered around the search for new, 
computer-oriented numerical methods 
to replace the classical methods devel- 
oped with the hand computer in mind. 
However there are many results in clas- 
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sical numerical analysis which were 
never popular among workers in the 
field because they were ill-suited for 
hand calculation but which are very 
suitable for use in a computer instal- 
lation. It behooves the seeker of new 
methods to study the works of the old 
masters before embarking on any time- 
consuming research project. 

One source for such classical results 
is this book by Kantorovich and Kry- 
lov, originally titled Methods for the 
Approximate Solution of Partial Differ- 
ential Equations, which has been ex- 
panded to include material on integral 
equations and conformal mapping. The 
volume contains much material not 
available elsewhere, especially results 
of the Russian school of numerical 
analysis. It also contains many numeri- 
cal examples, which unfortunately do 
not indicate the scope of the methods 
illustrated since they are intended to 
illustrate hand calculations. Of course, 
some of the text has been rendered ob- 
solete by recent investigations. How- 
ever, the richness of the book will pro- 
vide many new ideas for the interested 
reader. The translator is to be congratu- 
lated for making this classic available 
to the English-speaking public. 

PHILIP RABINOWITZ 
Department of Applied Mathematics, 
Weizmann Institute of Science, 
Rehovot, Israel 


New Books 


Biological and Medical Sciences 


Advances in Agronomy. vol. 13. A. G. 
Norman, Ed. Academic Press, New York, 
1961. 397 pp. Illus. $12. 

The Biological Role of Ribonucleic 
Acids. Jean Brachet. Elsevier, Amsterdam, 
1960 (order from Van Nostrand, Prince- 
ton, N.J.). 144 pp. Illus. 

The Complete Book of Birth Control. 
Alan F. Guttmacher. Ballantine Books, 
New York, 1961. 157 pp. Illus. Paper, 
$0.50. 


Fearon’s Introduction to Biochemistry. 


William John Edward Jessop. Academic 
Press, New York, ed. 4, 1961. 480 pp. 
Illus. $8. 

Frontiers in General Hospital Psychia- 
try. Louis Linn, Ed. International Univer- 
sities Press, New York, 1961. 509 pp. $10. 

Functions of the Blood. R. G. Mac- 
Farlane and A. H. T. Robb-Smith, Eds. 
Academic Press, New York, 1961. 648 
pp. Illus. $16.80. 

Genetics on the Population Level. Mari- 


anne Rasmuson. Scandinavian Univ. 
Books; Heinemann, London, 1961. 191 
pp. Illus. 


Heredity. An introduction to genetics. 
A. M. Winchester. Barnes and Noble, 


’ 





New York, 1961. 282 pp. Illus. Paper, 
$1;75. 

Hormones in Blood. C. H. Gray and 
A. L. Bacharach, Eds. Academic Press, 
New York, 1961. 573 pp. Illus. $20. 

Mechanisms of Antibody Formation. 
Proceedings of a symposium held in 
Prague, 1959. M. Holub and L. Jaroskova, 
Eds. Academic Press, New York, 1960. 
385 pp. Illus. $10. 

Mechanisms in Radiobiology. vol. 1, 
General Principles. Maurice Errera and 
Arne Forssberg, Eds. Academic Press, 
New York, 1961. 549 pp. Illus. $16. 

Modern Pharmacology and Therapeu- 
tics. Ruth D. Musser and Joseph G. Bird. 
Macmillan, New York, ed. 2, 1961. 903 
pp. Illus. $7. 

Parasitology of Fishes. V. A. Dogiel, G. 
K. Petrushevski, and Yu. I. Polyanski, Eds. 
Translated by Z. Kabata. Oliver and 
Boyd, Edinburgh, Scotland, 1961. 394 pp. 
Illus. 84s. 

Primatologia. Handbook of primatology. 
vol. 2, pt. 2, chapter 8. H. Hofer, A. H. 
Schultz, and D. Starck, Eds. Karger, Basel, 
Switzerland, 1961. 87 pp. Paper, $7.50. 


Mathematics, Physical Sciences, 
and Engineering 


Basic Physics of the Solar System. V. M. 
Blanco and S. W. McCuskey. Addison- 
Wesley, Reading, Mass., 1961. 318 pp. 
Illus. $7.50. 

Combustion and Propulsion. 4th Agard 
Colloquium. A. L. Jaumotte, A. H. 
Lefebvre, and A. M. Rothrock, Eds. Pub- 
lished for the North Atlantic Treaty Or- 
ganization. Pergamon, New York, 1961. 
415 pp. Illus. $15. 

Computer Control Systems Technology. 
Cornelius T. Leondes, Ed. McGraw-Hill, 
New York, 1961. 659 pp. Illus. $16. 

Dissertations in Physics. An indexed 
bibliography of all doctoral theses ac- 
cepted by American universities, 1861- 
1959. Compiled by M. Lois Marckworth. 
Stanford Univ. Press, Stanford, Calif., 
1961. 815 pp. $17.50; pt. 1, an alphabeti- 
cal listing by author, which gives full 
bibliographical information; pt. 2, alpha- 
betical by key title word; cross-referenced. 

Elementary Differential Equations. Wil- 
liam Ted Martin and Eric Reissner. Addi- 
son-Wesley, Reading, Mass., ed. 2, 1961. 
344 pp. Illus. $6.75. 

Filtration. George D. Dicke:. Reinhold, 
New York; Chapman and Hall, London, 
1961. 362 pp. Illus. $12. 

Metallic Fatigue. W. J. Harris, Perga- 
mon, New York, 1961. 342 pp. Illus. 
$12.50. 

Miniaturization. Horace D. Gilbert, Ed. 
Reinhold, New York; Chapman and Hall, 
London, 1961. 315 pp. Illus. $10. 

Photochemistry of Air Pollution. Philip 
A. Leighton. Academic Press, New York, 
1961. 309 pp. Illus. $11. 

Radical Polymerization. J. C. Bevington. 
Academic Press, London, 1961. 196 pp. 
Illus. $6. 

Recent Advances in Heat and Mass 
Transfer. J. P. Hartnett, Ed. McGraw- 
Hill, New York, 1961. 412 pp. Itlus. 

The Teaching of Arithmetic. F. F. Pot- 
ter. Philosophical Library, New York, 


1961. 471 pp. Illus. $10. 
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Lactic Acid Accumulation as a 
Cause of Hypoxia-Induced 
Malformations in the Chick Embryo 


Abstract. Most hypoxia-induced mal- 
formations are caused by a syndrome 
involving tremendous edema followed by 
formation of clear blisters and hematomas. 
These, in turn, mechanically interfere 
with development. Studies of blood pH 
and lactic acid indicate that lactate ac- 
cumulation initiates this syndrome. The 
effects of lactic acid injections parallel 
those of subjection to hypoxia, confirm- 
ing this conclusion. 


Studies of the teratogenic and lethal 
effects of hypoxia on chick embryos in 
this laboratory (J) have centered 
around (i) a comprehensive quantita- 
tive survey of the effects of graded 
doses of hypoxia, and (ii) a morpho- 
genetic and biochemical analysis of 
these effects. Certain conclusions are 
now fitting together into a total pic- 
ture, which is reported here. 

The earlier studies (2, 3) showed 
that the effects of oxygen deficiency 
could be studied quantitatively. Further- 
more, within established limits, the ef- 
fects were proportional to the treat- 
ment. It was also shown that, in em- 
bryos of a given age group, different 
levels of hypoxia (produced by a flow- 
ing mixture of air and Ne). could in- 
duce qualitatively different kinds of 
anomalies (3, 4). These differences 
were due to different modes of action 
of hypoxia. For instance, in 3-day 
embryos, exposure to 1 percent O: for 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to_ the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 
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For further details see “Suggestions to contrib- 
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Reports 


3 hours produces a variety of severe 
head anomalies caused by extensive 
cell death in this region. Mild hypoxia 
(6 to 12 hours at 10 to 12 percent O:) 
induces little else than rumplessness of 
unknown cause. But malformations, 
especially of eyes, beak, and extremi- 
ties, are induced most readily by 
moderate hypoxia (6 to 12 hours at 4 
to 8 percent O:). These malformations 
are caused not by any direct action of 
oxygen deficiency but by an indirect 
sequence of events (5). The primary 
effect of the hypoxia is to produce a 
tremendous edema (embryo volume in- 
creases up to tenfold) which persists for 
several hours. Numerous subcutaneous 
blisters appear over the head and trunk. 
Most of them disappear, but some 
persist either as clear blisters or as 
hematomas after neighboring blood 
vessels rupture into them. Additional 
hematomas may appear, especially in 
the eye cup and in head mesenchyme. 
Persistent blisters and hematomas are 
evidently responsible for the malde- 
velopment of adjacent structures, since 
(i) incidence of malformations of a 
given region agreed with incidence of 
hematomas found 24 hours after treat- 
ment, and (ii) abnormal development 
of these structures does not begin until 
2 or 3 days after treatment. 

Further study was concentrated on 
this circulatory syndrome, since (i) it 
was responsible for most of the ob- 
served anomalies and (ii) it seemed 
amenable to experimental analysis. It 
was postulated that the primary effect 
—edema—may be due to the accumula- 
tion of metabolites from prolonged 
anaerobiosis, such as lactic acid, and 
resulting disturbances in pH and salt 
balance. Consequently, the pH of 
venous blood samples from over 50 
embryos, 3 and 4 days of age, were 
checked before and after treatment. A 
Beckman pH meter with capillary glass 
electrode was used. Normal pH was 
8.0 to 8.2. This level was maintained in 
most embryos checked immediately 


after mild and moderate subjection to 
hypoxia except for an occasional indi- 
vidual in which pH dropped to 7.6 or 
even to 6.8. This drop was always as- 
sociated with a very feeble heartbeat 
and other signs of imminent death. If 
the circulatory disturbance was caused 
by the accumulation of acidic metabo- 
lites, it was apparent that the buffering 
capacity of the embryonic blood stream 
could, up to a certain point, keep the 
PH constant. 

Direct assay of the lactic acid con- 
tent of blood of 3- and 4-day embryos 
was then attempted, with 0.01-ml sam- 
ples and a method sensitive to + 0.4 
pg of lactate (6). The lactic acid level 
in the blood of 10 controls ranged 
from 50 to 150 pg/ml. The lactate 
levels of embryos subjected to hypoxia 
ranged from 400 to 1300 y»g/ml, and 
this in embryos swollen to 10 times 
normal volume. The average for em- 
bryos subjected to moderate hypoxia 
was around 800 »g/ml. This is equiva- 
lent to a concentration of 0.08 percent 
—certainly enough to affect the salt 
balance of an embryo containing 0.85 
percent of total salts. Clearly, lactic 
acid accumulates in quantity in the 
blood stream of embryos subjected to 
hypoxia. 

Was this increase in blood lactate a 
significant effect of hypoxia? Direct ap- 
plications of lactic acid solutions (0.01 
to 0.03 ml of 0.01 percent lactic acid 
in saline) were made to the vitelline 
membrane, amniotic cavity, or sub- 
germinal cavity of 3-day embryos and 
into the allantoic cavity of 4-day em- 
bryos. Regardless of method of injec- 
tion or age of embryo, all the early ef- 
fects of lactic acid injection precisely 
paralleled those of subjection to moder- 
ate hypoxia—namely, extensive edema 
followed by the appearance of sub- 
cutaneous blisters and hematomas. The 
death rate was generally high, around 
90 percent, but only 70 percent of em- 
bryos injected with lactic acid by way 
of the allantoic route died. Of the 79 
survivors in this group, 10 (12.7 per- 
cent) developed anomalies. Only one 
of the 85 surviving saline-injected con- 
trols was abnormal. Furthermore, the 
malformations obtained with lactic acid 
injections were the same ones induced 
by hypoxia at this age—namely, de- 
fective eyelids, exocephaly, and short 
upper beaks. Many details remain to 
be studied, but the conclusion is clear. 
The simple accumulation of lactic acid 
—the physiological consequence of pro- 
longed anaerobiosis—is responsible for 


1359 








most of the abnormal 


development 
which follows exposure to oxygen-de- 
ficient atmospheres. 

The significance of these data may 
extend beyond that of interest in chick 
embryos subjected to hypoxia. Vascular 
anomalies have been described in 
mouse fetuses subjected to anoxia (7). 
A comparable syndrome of edema, sub- 
cutaneous blisters, hematomas, and 
maldevelopment of adjacent tissues has 
been described in mammalian and avian 
embryos in deficiencies of pantothenic 
and linoleic acids, after administration 
of the redox dye trypan blue, as well 
as in Little and Bagg’s famous mutant 
strain of mice (8). Is it not possible 
that some of these agents (and others 
too) and hypoxia have a common mode 
of action—that is, an interference with 
oxidative metabolism and the accumula- 
tion of metabolites? 

CASIMER T. GRABOWSKI 
Department of Zoology, University of 
Miami, Coral Gables, Florida 
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Conformal Transformations 
and Space Travel 


Abstract. Conformal transformations are 
applied to the motion of a space ship ex- 
periencing a constant acceleration. The 
role of proper time is interpreted in terms 
of atomic periods, and the relationship 
between the conformal transformations 
and the general theory of relativity is 
clarified. 


Conformal transformations, connect- 
ing an inertial observer to a non-inertial 
observer experiencing a constant accel- 
eration, were developed by Bateman 
(1), Cunningham (2), and Page (3). 
Further interesting work on these trans- 
formations has been carried out by 
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Engstrom and Zorn (4), Robertson 
(5), Hill (6), and others. 

This report applies the conformal 
transformations to the problem of space 
travel and establishes the equivalence 
of the resulting formulas with those 
obtained by standard relativistic meth- 
ods. It also discusses the physical sig- 
nificance of proper time in space travel 
and clarifies the relationship between 
the conformal transformations and the 
general theory of relativity. 

An observer in an arbitrary frame 
of reference in general experiences two 
types of gravitational fields, which I 
shall call the real and the apparent 
gravitational fields. A real gravitational 
field is produced by bodies consisting 
of all types of -elementary particles, 
while an apparent gravitational field is 
produced by the acceleration of the 
observer’s frame of reference. Accord- 
ing to Einstein’s ideas, there is a certain 
equivalence between the two types of 
gravitational fields, but this does not 
mean that they are indistinguishable. 
In fact, in nature it is always possible 
to distinguish between the real and the 
apparent gravitational fields. For in- 
stance, the gravitational field around the 
earth can possibly be produced either 
by the matter contained in the earth or 
by an outward acceleration of the sur- 
face of the earth. Since we know from 
observation that the surface of the earth 
is not exploding, we must conclude that 
the gravitational field around the earth 
is a real gravitational field. It is also 
evident that a real gravitational field 
must vanish at an infinite distance from 
all gravitating bodies, while an apparent 
gravitational field can exist even at in- 
finity. A frame of reference in which 
the apparent gravitational field vanishes 
everywhere is an inertial frame of 
reference. 

We can easily pass over from one 
inertial frame of reference to another 
by means of the Lorentz transforma- 
tions, but a passage from an inertial 
frame of reference to a non-inertial 
frame of reference is not so simple. A 
particularly simple example of a non- 
inertial frame of reference is one in 
which the observer experiences a con- 
stant acceleration (7). The relation- 
ship between such a non-inertial frame 
of reference and an inertial frame of 
reference can be stated as follows: 

Let there be an inertial frame of 
reference S and a non-inertial frame of 
reference S’ which is moving with re- 
spect to S along the x-axis in such a 
way that the acceleration experienced 





by an observer at the origin of.S’ has the 
constant value a. Further, let the co- 
ordinates of any event be denoted by 
(x, y, z, t) in S and by (x’, y’, z’ ¢’) in 
S’, and let the origins of the two frames 
of reference meet at rest att = f = 0, 
Then, the conformal transformations 
connecting the two frames of reference 
are (3) as follows (Eq. 1): 
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I shall apply the conformal trans- 
formations to the motion of a space 
ship whose occupants experience a con- 
stant acceleration a. Let the space ship 
be located at the origin of the frame 
of reference S’. Then, putting x’ = 
y’ = z’ =0 in Eq. 1, we have 


2 fey 
1+ =(1 a) > (3) 
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which give us 





ae % 4c’ 


or 


z= £{ (1+)! an (6) 


where x is the distance traveled by the 
space ship with respect to S, and ¢ and ’’ 
are the times of travel according to the 
observers in S and S’ respectively. 
Differentiating Eq. 6 with respect to 
t, we obtain for the velocity of the space 
ship relative to the frame of reference S 
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which can also be expressed as 


ha aS 
= at (1+ a) (8) 


or 


v= (2ax)3 (1 





4 ax -1 

(: +3) ®) 
It follows from Eq. 9 that the kinetic 
energy of the space ship relative to S is 


ome [(- 8)'=1] 


= Max, (10) 


where m, is the rest mass of the space 
ship. 

We shall denote the proper time of 
the observer in the space ship as 7, and 
find the relationship between ¢’ and 7+ 
without involving the arguments of the 
general theory of relativity, which will 
also throw new light on the physical 
significance of the proper time. 

It seems reasonable to assume that 
the most significant units of time for 
us are the periods of atoms we are 
made of. For, if the periods of atoms 
were to change, the rates of chemical 
reactions would also change, and the 
process of aging within our bodies 
would proceed at a different rate. Thus, 
in order to measure how much different 
observers have aged between two given 
events, each observer must assign the 
same value to the periods of atoms in 
his own frame of reference. For sim- 
plicity, let us confine our attention to 
the period of a hydrogen atom, which 
according to the semiclassical Bohr 
model is given in an inertial frame of 
reference by 





— 2ah 
mc 





arch 

a (11) 
Now the basic path! of electro- 
dynamics are invariant under the con- 
formal transformations, but this invari- 
ance is obtained by assuming that the 
rest mass m of a particle transforms 
into a different rest mass m’. Therefore, 
to the occupant of the space ship the 
period of a hydrogen atom in the space 
ship is given by 


T's _ 2ah (=2 4ach )- 
~ mc 


We must replace t’ by a new time vari- 
able 7 such that in terms of 7 the period 
of the hydrogen atom in the space ship 
acquires the value shown in Eq. 11 for 
the occupant of the space ship. This 
can be achieved by defining + by the 
relation 
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Since under the conformal transforma- 
tions the rest mass transforms as (3) 

m= nm’ (X" + Y2+Z7?—cT"), (14) 
we obtain 


dr’ 
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We can obtain a similar relation for 
the proper distance for the occupant of 
the space ship by requiring that each 
observer assign the same value to the 
Bohr radius of the hydrogen atom in 
his own frame of reference. 

By integrating Eq. 16 we get 

at’ aT 
ree 
so that Eqs. 4, 5, and 8 can be ex- 
pressed as 
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which are identical with the usual rela- 
tivistic results (8). Further, using Eqs. 
4 and 8, we obtain from Eq. 16, 


2 
dr = (1-4)! dt, 
Cc 


which again is in agreement with the 
well-known result that the relationship 
between dz and dt is the same as if the 
space ship were moving with a constant 
velocity v with respect to S. 

It is also interesting to note that we 
can derive from Eq. 1 the relations 
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According to the general theory of 
relativity, the above relation can be 
interpreted as meaning that while the 
metrical tensor has the Minkowskian 


values in the frame of reference S, it 
has quite different values in the frame 
of reference S’. In particular, the 94, 
component of the metrical tensor in 
S’ is 

1 


: 3 » (25) 
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so that the proper time in S’ is given 
by Eq. 26: 


dr = (gu)? dr’ 





= nee 
xX” . Y” ae Z" —c¢T” 
which agrees with Eq. 15. Thus, the 


conformal transformations can be re- 
garded as a special case of the general 
relativistic transformations of the space 
and time coordinates. We have also 
shown that the physical definition of 
proper time, in terms of atomic peri- 
ods, is in complete agreement with the 
ideas of the general theory of rela- 
tivity (9). 

SuraJ N. GuPTA 
Department of Physics, Wayne State 
University, Detroit, Michigan 
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Persistence of a Photosynthetic 
Rhythm in Enucleated Acetabularia 


Abstract. The unicellular alga Acetab- 
ularia was found to show a diurnal rhythm 
in photosynthesis. This rhythm continued 
for at least three cycles in constant light 
and temperature, and hence can be con- 
sidered endogenous. Plants from which 
the nucleus had been removed by severing 
the basal rhizoids showed no modification 
in the photosynthetic rhythm over a num- 
ber of cycles. The nucleus is, therefore, 
not immediately essential for the main- 
tenance of rhythmicity in Acetabularia. 
Conversely, a mechanism for sustaining 
time-keeping must exist in the cytoplasm. 


Endogenous diurnal rhythmicity, well 
known in a wide variety of multicellular 
plants and animals, has also been dem- 
onstrated in populations of unicellular 
organisms, for example, Euglena (1), 
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Gonyaulax (2), and Paramecium (3). 
With the additional observation that 
rhythms in photosynthesis and cell divi- 
sion persist in single isolated cells of 


Gonyaulax (4), it may be concluded 
that the mechanism of time-keeping 
can be contained within a single cell 
and does not require interactions with 
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Fig. 1. Diurnal rhythm in photosynthesis in Acetabularia major. Plants were maintained 
in natural light during the first 5 days of the experiment, and then in continuous light 
(30 ft-ca) for the remainder. Night is indicated by a shaded bar. The oxygen evolution 
of a group of ten juvenile plants without caps (dotted line and solid circles) and of 
one plant with a cap (solid line and open circles) is shown before and after the re- 
moval of the nucleus. The time at which the base of the plants was removed is indicated 
by an arrow at top of figure. Net oxygen evolution was measured over a 30-min 
period at saturating light intensity (1500 ft-ca) and 25°C. 
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Fig. 2. Resetting the diurnal rhythm of photosynthesis in Acetabularia crenulata. 
During pretreatment, plants with nuclei (solid line and open circles) and plants without 
nuclei (dotted Hne and solid circles) were maintained under conditions similar to those 
described for Fig. 1. The regular light-dark schedule was then inverted (arrow on the 
abscissa) by interposition of a double light period. In both groups of plants this re- 
sulted in resetting of the photosynthetic rhythm so that the maximum occurred during 
the following light period. The two upper curves represent measurements for single 
plants with large caps, and each of the two lower curves represent measurements for 
five juvenile plants with small caps. Photosynthesis was measured as in Fig. 1. 
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other cells or tissues. The possibility 
that the control mechanism may be as- 
sociated with specific subcellular com- 
ponents has been largely unexplored, 
although Ehret (5) found no evidence 
for involvement of the micronucleus in 
the control of time-keeping in Para- 
mecium. 

We have recently observed an en- 
dogenous diurnal rhythm in the photo- 
synthesis of Acetabularia, thus making 
it possible to pursue studies of this prob- 
lem with unusually favorable material. 
As shown by Hammerling (6), this 
large unicellular alga contains a single 
nucleus which can readily be removed 
by severing the basal rhizoids. Enucle- 
ated plants can be maintained vegeta- 
tively for protracted periods and will 
grow and regenerate caps, while photo- 
synthesis and respiration are unimpaired 
(7). Here we report evidence for the 
endogenous nature of the photosynthetic 
rhythm in Acetabularia major and pre- 
liminary studies on the rhythm in enu- 
cleated plants. 

Juvenile and adult specimens of Ace- 
tabularia major (8) were collected from 
fringing reefs at Thursday Island, 
Queensland, Australia, and held for 
periods of up to 6 weeks in the lab- 
oratory (9). The plants were maintained 
in filtered sea water, which was renewed 
daily, and were exposed to subdued 
natural daylight. The photosynthetic 
rates were determined at high light in- 
tensities in natural sea water at 25°C; 
single plants with caps or groups of ten 
plants which had not yet formed caps 
were used in these measurements. Oxy- 
gen evolution was measured according 
to the microvolumetric method of Scho- 
lander et al. (10), but the potassium 
hydroxide cups were not used. Samples 
were illuminated from below with in- 
candescent light of approximately satu- 
rating intensity (1500 ft-ca). The photo- 
synthetic rates of the same samples were 
determined at noon and midnight on 
consecutive days over the experimental 
period, Between measurements, depend- 
ing on the experiment, the plants were 
returned to the holding conditions de- 
scribed above, or they were maintained 
under constant conditions of tempera- 
ture (+1°C) in the dark or in low-level 
illumination (30 ft-ca). In enucleation 
experiments, the bases of the plants 
were severed with a razor, either with 
or without a tie distal to the cut. In the 
case of the older plants with caps, the 
rates of photosynthesis were not sig- 
nificantly altered by the removal of the 
basal portions. Young plants, however, 


SCIENCE, VOL. 134 








—__— 











ibility 
ye as- 
com- 
lored, 
dence 
‘us in 
Para- 


n en- 
yhoto- 
aking 
prob- 
terial. 
, this 
single 
noved 
nucle- 
egeta- 
1 will 
Ihoto- 
paired 
yr the 
ithetic 
d pre- 
1 enu- 


f Ace- 
from 
sland, 
d for 
e lab- 
tained 
newed 
bdued 
ithetic 
tht in- 
25°C; 
of ten 
1 caps 
, Oxy- 
ording 
Scho- 
issium 
imples 
th in- 
r satu- 
photo- 
Ss were 
ht on 
nental 
>pend- 
; were 
ns de- 
tained 
npera- 
v-level 
eation 
plants 
r with 
In the 
s, the 
Mt sig- 
of the 
wever, 


OL. 134 











showed a slight initial reduction in the 
photosynthetic rate, possibly because of 
damage to the fragile upper portions at 
the time of cutting. Localization of the 
nucleus in the rhizoidal part of the 
plant is well established for other spe- 
cies of Acetabularia (A. mediterranea 
and A. crenulata) (11). A similar posi- 
tion for the nucleus in A. major was 
indicated in specimens stained with 
Feulgen’s reagent or methyl green- 
pyronin (72). 

A marked diurnal periodicity in pho- 
tosynthesis was observed in both juven- 
ile and capped plants maintained in nat- 
ural light. In both cases the maximum 
rates occurred at about local noon and 
were approximately five times greater 
than the night values. Representative 
data are presented in Fig. 1 without 
correction for respiration. Measure- 
ments of respiratory rates (in the pres- 
ence of potassium hydroxide) at noon 
and at night, however, gave values of 
only 6 and 8 percent, respectively, of 
the noon rates of net photosynthetic 
oxygen production. 

The endogenous nature of _ this 
rhythm was established by observations 
that, at constant temperature, the pho- 
tosynthetic rhythm persisted for at least 
several days in plants maintained in 
continuous light of low intensity (Fig. 
1) and for one cycle when the plants 
were maintained in darkness. After 
enucleation, the rhythm in photosyn- 
thesis continued unaltered both in juve- 
nile plants and in those with caps (Fig. 
1). This was true of plants maintained 
either in alternating light and darkness 
or in constant light. 

In a recent extension of these studies 
to Acetabularia crenulata, collected 
from the Florida Keys, a similar situa- 
tion was observed. Enucleated plants 
showed a persistence of the endogenous 
photosynthetic rhythm characteristic of 
intact plants. In addition, it was found 
that the rhythm of enucleated, as well 
as intact, plants could be reset by in- 
version of an artificial light-dark sched- 
ule (Fig. 2). 

These results lead to the conclusion 
that the nucleus is not required for the 
immediate maintenance of time-keeping 
in Acetabularia. In this organism, pro- 
cesses in the cytoplasm are able to con- 
trol both the period and the phase of 
the endogenous diurnal rhythm in pho- 
tosynthesis (/3). 

BEATRICE M. SWEENEY 
FRANCIS T. Haxo 
Scripps Institution of Oceanography, 
La Jolla, California 
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Effect of Ribonuclease on 
Retention of Conditioned Response 
in Regenerated Planarians 


Abstract. Conditioned planarians were 
transected and allowed to regenerate in a 
ribonuclease solution or in pond water. 
Heads which had regenerated in ribonu- 
clease displayed a retention level equal to 
that of head and tail sections which had 
regenerated in pond water. However, tails 
regenerated in ribonuclease performed 
randomly although they could be retrained 
to criterion. 


Various data suggest that the neuro- 
physiological mechanism of memory 
consists of two classes of process: (i) a 
short-term process, perhaps consisting 
of reverberatory electrical activity, and 
(ii) a long-term process, by which neu- 
ral excitability patterns are maintained 
by some sort of structural alteration. 
As radio isotope exchange data on brain 
compounds have accumulated, it has 
become apparent that these compounds 
seem to be characterized by rather 
rapid rates of turnover. In order to rec- 
oncile the persistence of memory with 
this lability of brain chemistry, it seems 
logical to search for a substance capable 
of maintaining a structural modification 
by imposing an experientially speci- 
fied configuration on molecules being 
built in neural tissue. Imposition of the 
additional requirement that this sub- 
stance be cytoplasmic in locus directs 


attention to ribonucleic acid (RNA). 
Essentially similar conclusions have 
been suggested in theoretical specula- 
tions by von Foerster (J) and Hydén 
(2). 

Some experimental data seem com- 
patible with this suggestion. Brattgard 
(3) has demonstrated a relationship 
between RNA synthesis and stimulation 
in retinal ganglion cells. Morrell (4) has 
demonstrated histochemically an_ in- 
crease in RNA concentration which is a 
result of prior excitation. Kreps (5) has 
reported differentially increased turn- 
over of RNA in the cortical receiving 
area of the conditioned stimulus after 
elaboration of conditioned responses in 
the dog. In earlier work, John, Wenzel 
and Tschirgi (6) observed that injec- 
tion of ribonuclease solution into the 
lateral ventricle of cats interfered with 
performance of pattern discrimination 
for food but not with a conditioned 
avoidance response to visual or auditory 
stimuli. The anatomical and chemical 
complexity of the preparation posed 
formidable obstacles to the gathering of 
control data necessary for unambiguous 
interpretation of these results. Rather 
than attempt to cope with these com- 
plexities, it seems desirable to devise a 
simpler preparation. 

Recent research on the planarian has 
demonstrated that this comparatively 
simple organism is capable of learning 
both a classical conditioned response 
and a T-maze (7-9). Of particular 
relevance to our present concern was 
the finding that when cut in half and 
allowed to regenerate, both the head 
and tail sections display equal savings 
scores in both types of situations (8). 
Since there is cephalad dominance in 
these animals, the tail sections have in 
some manner apparently transmitted 
the effects of learning experience to the 
regenerated anterior portion. Experi- 
ments in our own laboratory, with the 
classical conditioned response, have con- 
firmed the above findings (70). These 
various considerations suggested to us 
the possibility that RNA might play a 
role in the transmission of an acquired 
structural configuration from the trained 
portion to the regenerating tissue. Con- 
ditioned tails, regenerating in the pres- 
ence of ribonuclease, might be expected 
to produce anterior portions with a de- 
pleted or altered RNA structure, per- 
haps due to influences exerted at the 
regenerating interface. Such an organ- 
ism might then have a naive dominant 
head. Conversely, since trained heads 
have only a nondominant tail to re- 
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Table 1. Response to light and training scores. 











Group 
Item 
I II Til IV Vv VI Vil Vill IX X 
N 12 13 6 6 6 6 6 6 6 6 
Base (%) 64.167 175. 09.4922. 4938 23.9 16.1 45 152 
Training trials (No.) 500.8 512.4 None None None None 441.3 546.2 412.3 311.0 
Cut Yes Yes Yes Yes Yes Yes Yes Yes No No 
Treatment* E PW E PW E PW E PW E PW 
Retention I (%)7+ 
Day 1 
Heads 46.6 42.8 15.0 13.3 
54.5 48.8 
Tails 16.2 37.4 18.2 14.8 
Day 2 
Heads 50.9 -36.8 17.7 11.3 
53.0 48.5 
Tails 20.2 34.2 15.8 12.2 
Day 3 
Heads 42.0 28.7 13.8 9.8 
46.8 33.2 
Tails 20.9 30.2 14.3 10.2 
Retraining trials (No.) 
Heads 258.6 185.0 420.8 377.7 
223.0 241.2 
Tails 336.4 253.4 457.5 403.7 
Retention II (%) 
Day 1 
Heads 39.0 64.0 70.3 66.8 13.5 15.3 33.3 40.5 
69.3 45.6 
Tails 45.5 58.3 73.8 71.3 15.0 14.8 27.3 34.0 
Day 2 
Heads 41.0 542 61.5 48.8 136 16.0 36.0 30.2 
55.6 50.0 
Tails 40.5 48.6 51.3 44.1 15.2 18.8 14.0 31.0 
Day 3 
Heads 33.0 51.5 42.8 31.7 95 19.7 26.0 19.8 
32.8 36.7 
Tails 21.5 35.0 34.3 35.8 9.7 10.8 15.7 19.5 





*Treatment: E, enzyme (ribonuclease); PW, pond 


Tails, regenerated tails. 


grow, they should demonstrate a greater 
degree of retention. Histological data 
provided by Chow (J//) indicate that 
planarian tails contain nerve somata, 
a fact clearly relevant to the aforemen- 
tioned hypotheses. 

In pilot work, we found that plana- 
rian tails could regenerate heads in pond 
water containing ribonuclease in con- 
centrations of 0.1 mg/ml (J2). The 
visible structural anomalies invariably 
obtained at this concentration indicated 
clear effects of the enzyme. In the ex- 
periments here reported, ribonuclease 
concentrations ranged from 0.07 to 0.1 
mg/ml. Structural anomalies were sel- 


Table 2. 


of freedom (df). 





Retention: Heads, regenerated heads; 


water. 
dom observed at the lower concen- 
trations. 


As reported elsewhere (7), paired 
presentation of light and shock to pla- 
narians results in the consistent appear- 
ance of a conditioned contraction and 
head movement to light alone. Speci- 
mens of Dugesia dorotocephala (13) 
were divided into ten groups. In accord- 
ance with the design apparent from 
Table 1, which summarizes the results, 
base rates of response to light alone 
were determined. Worms were trained 
to the criterion of 34 conditioned re- 
sponses per daily session of 40 trials; 
then they were transected into equal 


Significant f-tests for the data given in Table 1.* Some animals died during the 
experiments. The N on which these statistics were computed can be inferred from the degrees, 











Group Condition t p df 
Tan ‘ve... Te Retention I 6.5 001 19 
Ir vs. IIt Retention I 6.4 001 23 
It vs. VIIt Retention II 5.5 02 3 
Ile vs. VIIt Retention II SZ 01 10 
IIn vs. VIIIn Retention II pA 05 10 

Viln vs. VIIt Retention II 5.8 01 4 
It Training vs. retraining 3.01 02 12 
In Training vs. retraining 4.1 01 8 
Ta Base rate vs. retention I 3.5 01 12 
Ilr Training vs. retraining 4.9 .001 12 
IIn Training vs. retraining 5.5 001 12 
Ilr Base rate vs. retention I 5.6 001 17 
IIa Base rate vs. retention I 3.6 01 17 
IX Training vs. retraining 3.1 .02 17 








*t-Tests on retention data have been reported only for the first day on which significant differences were 


obtained. 


1364 


+Roman numerals denote groups; subscripts: h, regenerated heads; ¢, regenerated tails. 


portions, which were allowed to regener- 
ate for 14 to 18 days in either pond 
water alone or pond water containing 
ribonuclease. The regenerated portions 
were tested for 3 consecutive days for 
retention of the conditioned response 
to light alone, retrained to previous 
criterion, and then again tested for their 
response to light alone. 

The contrast between the retention 
of the conditioned response by worms 
regenerated from heads and tails in the 
presence of ribonuclease and the reten- 
tion of worms regenerated in pond wa- 
ter alone is shown by groups I and II. 
Control for possible sensitization due 
to the effects of transection or of re- 
generation in ribonuclease, as well as 
control for the possible effects of ribo- 
nuclease on structures necessary for 
acquisition of the conditioned response, 
was provided by groups III and IV. 
Control for the effects of the time pe- 
riod necessary for the total procedure 
was provided by groups V and VI. A 
control to ascertain whether the retrain- 
ing procedure or merely the lapse of 
time accounted for the reappearance of 
the conditioned response in groups I 
and II was provided by groups VII and 
VIII. Groups IX and X provide a basis 
for evaluating whether ribonuclease af- 
fects intact tissue or acts only where 
regeneration occurs. 

The results of all significant t-tests 
obtained are shown in Table 2. Condi- 
tioned tails regenerated in ribonuclease 
do not retain the conditioned response. 
Conditioned heads similarly treated do 
not differ significantly from the con- 
trols. That ribonuclease does not affect 
intact tissue, as confirmed by results 
with groups IX and X, suggests that the 
effect occurs at the regenerating inter- 
face. Regeneration in ribonuclease does 
not interfere with acquisition as evi- 
denced by groups III and IV. The con- 
figuration of the remaining control data 
permits us to rule out effects of transec- 
tion alone, as well as temporal effects, 
in these results. 

The savings scores obtained for re- 
training on groups I and II suggest that 
the tails treated with ribonuclease may 
retain some residual effects of the prior 
experience, although they are unable 
to transmit the effects to the regene- 
rating tissue. A clearer understanding 
of these findings seems to require a 
more intimate understanding of the 
mechanism of information transfer, 
which we hope to obtain from electro- 
physiological and grafting experiments 
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now in progress. While the results of 
this investigation do not establish the 
identity of the chemical substance re- 
sponsible for the conditioned behavior 
of the regenerated animal, they appear 
entirely compatible with the assumption 
that this substance may be RNA. Fur- 
ther histological and biochemical ex- 
plorations of this preparation are need- 
ed to evaluate this possibility adequate- 
ly (14). 

W. C. CORNING 

E. R. JoHN 

Center for Brain Research and 
Department of Psychology, University 
of Rochester, Rochester, New York 
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Latent Period of Relaxation 


Abstract. The latent period of relaxation 
of molluscan myocardium due to anodal 
current is much longer than that of con- 
traction. Although the rate and the grade 
of relaxation are intimately related to both 
the stimulus condition and the muscle 
tension, the latent period of relaxation 
remains constant, except when the tem- 
perature of the bathing fluid is changed. 


It is well known that a muscle exerts 
its tension .after a short latent period. 
Hill (7) stated that this latent period 
of a muscle after stimulation is an ex- 
tremely sensitive indicator of slack be- 
tween the fixed support at one end of 
the muscle and the mechano-transducer 
at the other. Sandow (2) considered the 
latent period of a muscle to be intimate- 
ly related to chemical reactions prior to 
muscle contraction. There appears to 
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be much information concerning the 
latency before muscle contraction, but 
we do not have much information about 
the latent period of relaxation. The 
probable reason for this lack of infor- 
mation is that we have not been able to 
induce relaxation by easily controlled 
electrical techniques. 

It has been demonstrated that relaxa- 
tion can be produced by applying an 
electrical stimulus to a tonic smooth 
muscle preparation (3) and to a skeletal 
muscle in a state of contracture (4). 
The relaxation is probably due to the 
electrotonic effect of the current applied 
on the mechanical system. Recently we 
have observed in oyster myocardium 
that relaxation can be produced by 
anodal stimulus and contraction by 
cathodal stimulus (5). 

In the present study, we isolated an 
oyster heart in an artificial sea-water 
bath; the atria were ligated and con- 
nected to a bonded strain gauge. The 
other end of the heart was left joined 
to the aorta in order to record the iso- 
metric tension. A 500-, silver—silver 
chloride electrode rested on an atrium 
and the other end was connected to an 
isolator circuit of the electronic stimu- 
lator. A large wick electrode in the sea- 
water bath served as the source of po- 
larity and as the stimulating electrode. 
Because the current-applying electrodes 
were the surface electrodes, the passage 
of the current through the membrane 
is not simple and is difficult to analyze, 
but the effect of reversal of polarity is 
very definite, as is demonstrated by the 
illustration. 

A typical éxample of cathodal con- 
traction and anodal relaxation is shown 
in Fig. 1A, where the effects of stimu- 
lation during the relaxation phase of a 
heart cycle are shown superimposed 
on a rhythmical heart beat. In Fig. 1, 
A-1 represents the normal cycle and 
A-2 and A-3 represent cathodal and 
anodal stimulation, respectively. The 
latency of cathodal contraction is esti- 
mated to be 90 msec, whereas the 
anodal relaxation latency is 300 msec. 
The difference in latency is more than 
threefold. The difference in latency of 
relaxation and contraction can be dem- 
onstrated even more clearly when the 
myocardium is arrested in a state of 
tonic contraction by means of potas- 
sium chloride depolarization (Fig. 1B). 
In 58 instances of anodal polarization 
the latent period of relaxation averages 
291 msec; this value is very similar to 
the latent period of relaxation from 


spontaneous contraction. We _ believe 
that the latent period for relaxation is 
independent of the tonic state of the 
myocardium, and independent of the 
intensity of stimulus, although the speed 
and the grade of relaxation are both 
intimately related to the strength of 
stimulus. 

The administration of narcotics, such 
as urethane and ether, or metabolic in- 
hibitors such as monoiodoacetic acid 
and 2,4-dinitrophenol, causes a remark- 
able inhibition of relaxation, but the 
latent period remains constant before 
and after an administration of these 
drugs. The temperature change of the 
external fluid appears to be the only 
condition that will vary the latent pe- 
riod. The higher the external tempera- 
ture, the shorter the latent period. The 
average temperature coefficient is 1.98. 
The latent period of relaxation appears 
to have some relation to the chemical 
process. This relationship is supported 
by the observation of Weber (6) who 
suggested that the adenosine triphos- 
phate splitting is a prerequisite for con- 
traction, and that the relaxation phase 
of muscle is not an active process, but 
simply the end of the adenosine triphos- 
phate splitting. 

Still another theory for the explana- 
tion of the latent period is that there 
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Fig. 1. Tension curves showing latent 
periods of contraction and of relaxation. 
Stimulation was applied at the stimulus 
mark; duration, 1 sec. Time signal, 1 sec. 
A, Latent periods in a spontaneously con- 
tracting muscle: 1) control, 2) cathodal 
contraction, 3) anodal relaxation. B, Latent 
periods in a tonic muscle with 1.25-percent 
KCI solution applied: 1) cathodal con- 
traction, 2) anodal relaxation. A down- 
ward arrow indicates the point at which 
contraction starts and an upward arrow 
shows the point at which relaxation starts. 
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may be a change of electrical charge on 
the cell membrane during cathodal and 
anodal stimulation. The cause. of this 
electrotonically induced relaxation 
awaits further study, but this experiment 
presents some indication of the effect 
of electrochemical processes in muscle 
relaxation (7, &). 

MakoToO KOBAYASHI 

HIROSHI IRISAWA 

School of Medicine, Hiroshima 
University, Hiroshima, Japan 
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Environmental Significance of 
Palynomorphs from Lower Eocene 
Sediments of Arkansas 


Abstract. Spores and pollen present in 
sediments of the lower Eocene Wilcox 
group in south-central Arkansas are mixed 
temperate and tropical genera. The source 
area is postulated to have been temperate 
highlands adjacent to a tropical coastal 
plain. A similar interpretation based on 
plant megafossils has been made. Hystrich- 
osphaerids and dinoflagellates found in the 
sediments suggest a depositional environ- 
ment of brackish water. 


One of the most extensively studied 
fossil floras is that present in the sedi- 
ments of the Wilcox group, lower Eo- 
cene in age, in the Gulf Coastal Plain. 
This flora has been studied by paleobot- 
anists including Lesquereux (/), Berry 
(2, 3), Ball (4), and Brown (5). Berry 
conducted the most extensive study, 
describing 543 species from i80 genera 
and 82 families. After considering the 
corrections and additions to Berry’s 
work, Sharp (6) listed 137 genera from 
the Wilcox flora “. . . whose taxonomic 
position is known with more or less 
exactness.” 

There has been considerable specula- 
tion about the environmental signifi- 
cance of this lower Eocene flora. Berry 
(2) considered the flora to be tropical 
and noted that there were no strictly 
temperate genera. He speculated, how- 
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ever, that “. . . the Wilcox flora proba- 
bly seemed to be more tropical in 
character than it really was.” Berry also 
noted the absence of an accompanying 
brackish water fauna that he believed 
should have developed in the upper part 
of the Mississippi Embayment during 
the lower Eocene. 

Brown (5) and Sharp (6) interpreted 
the Wilcox flora as being more tempe- 
rate in nature than did Berry. They 
pointed out the presence of a number 
of temperaté genera in the flora, includ- 
ing Betula, Comptonia, Fagus, Sassa- 
fras, and Staphylea. 

Sharp (6) compared the fossil flora 
of the Wilcox group with the modern 
floras of a number of regions. He found 
that some 60 percent of the genera de- 
scribed from the Wilcox sediments still 
persist in the southeastern United States, 
the area in which Wilcox sediments 
were deposited. Thirty of these genera 
are, however, restricted to Florida. 
Sharp stated that approximately 53 per- 
cent of the Wilcox genera are present in 
the present flora of central and eastern 
China. He found the greatest degree of 
similarity between the Eocene Wilcox 
flora and that now present in eastern 
Mexico, an area of high mesas and 
neighboring coastal plains. Some 68 
percent of the Wilcox genera are pres- 
ent in this area. 

Two genera, Quercus and Pinus, which 
are important elements in the Mexican 
flora, had not been reported from the 
Wilcox sediments when Sharp con- 
ducted his study. Despite the absence 
of these two genera in the Wilcox flora, 
Sharp concluded that the environmental 
conditions in the Gulf Coastal Plain 
during the lower Eocene were essen- 
tially like those of eastern Mexico at 
present. 

A recently completed palynological 
study of sediments from the Wilcox 
group in central Arkansas (7) disclosed 
the presence of 62 spore and pollen 
types, including both Quercus and Pinus. 
The study is based on 60 samples col- 
lected from 
group in Pulaski and Saline counties. 
From this area Berry had described 
only 12 genera of megafossils. The pol- 
len of Pinus is a common constituent of 
the microflora, present in amounts 
ranging up to 10 percent of the total 
forms in some samples. Quercus pollen 
is less common but is present in most 
of the samples that were analyzed. 

The 62 spore and pollen types found 
in the Wilcox sediments are a mixture 
of temperate, subtropical, and tropical 
genera. These include genera such as 


outcrops of the Wilcox 





Carya, Engelhardtia, Myrica, Manil- 
kara, Symplocos, and Anacolosa. The 
environmental interpretation of a warm, 
humid coastal plain with adjacent high- 
lands, such as Sharp described for east- 
ern Mexico, is thus supported by both 
the megaflora and the microflora. Hy- 
strichosphaerids and dinoflagellates are 
also present in small numbers in the 
samples. These fossil groups, considered 
significant of marine or brackish-water 
environments, support Berry’s postula- 
tion that the plant remains and the en- 
closing sediments were deposited in a 
brackish-water environment. 

EUGENE L. JoNEs 
Field Research Laboratory, Socony 
Mobil Oil Company, Dallas, Texas 
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Hole Drilling by Octopus 


Abstract. Octopus bimaculoides and O. 
bimaculatus can drill holes in the shells of 
their molluscan prey, through which they 
appear to inject a paralyzing venom. 


Octopuses are found among the ma- 
rine littoral fauna throughout most of 
the world. Because of their appearance, 
edibility, and behavior, they are well 
known to maritime peoples. It has long 
been known that a large part of the 
food of the octopus consists of shelled 
mollusks (/). The suggestion has been 
made that the octopus obtains this food 
by exerting greater force than the prey 
can withstand. Bartsch (2), writing of 
Octopus vulgaris Lam., says, “Presum- 
ably he opens a mussel by attaching 
some of his suckers to the two valves 
of the shells and then applying pressure 
until the valves give way.” Phillips (3), 
discussing California species of octopus, 
states that “abalone divers tell of oc- 
casionally finding an octopus patiently 
exerting pressure on an abalone. The 
abalone eventually tires, even as an 
oyster gives in to a starfish. The octopus 
can also open mussels in this manner.” 

The investigation reported here was 
prompted by the observation that the 
empty shells of small abalones appear- 
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ing in an aquarium tank, which con- 
tained abalones and an octopus, had in 
them small holes of an unusual nature. 
This octopus, probably Octopus bima- 
culoides Pickford and McConnaughey 
(4), and three others—one certainly 
O. bimaculatus Verrill, one certainly 
O. bimaculoides, and a juvenile which 
might have been either of the two spe- 
cies—were isolated in large jars sup- 
plied with running sea water. Various 
shelled mollusks were introduced, and 
after the octopus had eaten the shellfish, 
the empty shells were removed and ex- 
amined. The octopus ate individuals of 
the following species: Haliotis fulgens 
Philippi, H. cracherodii Leach, Tegula 
funebralis Adams, Chione fluctifraga 
Sby., C. undatella Sby., Mytilus edulis 
L., M. californianus Conrad., Nassarius 
fossatus Gould, and Ischnochiton con- 
spicuus Carpenter. In most cases there 
was a hole of characteristic, somewhat 
oval, shape in the shell (Fig. 1). The 
hole drilled through a shell 1.4 mm 
thick by a 48-g octopus was 0.8 mm 
long and 0.6 mm wide at the top, nar- 
rowing at the bottom to an opening 
which was 0.3 mm long and 0.2 mm 
wide. The size of the hole is somewhat 
dependent upon the thickness of the 
shell and on the size of the octopus, but 
even a very large octopus produces a 
hole which is generally smaller than 
those typically drilled by carnivorous 
snails, and clearly distinguishable in 
shape. A boring snail consumes its prey 
by inserting its proboscis through the 
hole and rasping the flesh of the prey. 
The minute size of the octopus hole 
makes it impossible for the prey to be 
eaten in this manner. We believe that 
the octopus injects venom through the 
hole, causing an abalone or chiton to 
release its hold on the substrate, a bi- 
valve to relax the adductor muscles, or 
a ,astropod to weaken the closure of its 
operculum. 

Microscopic examination of the hole, 
beak, and radula indicated that the beak 
was not of the necessary shape or sharp- 
ness to drill the hole. It appeared that 
this drilling was done by the radula. 
The following quotation is relevant: 
“. , . the line of centrals [teeth of the 
radula] seen through the open beaks [of 
Octopus vulgaris] resemble the teeth of 
a circular saw, and doubtless its purpose 
is that of finishing the work begun by 
the beaks of carving crustaceans. .. . 
When we examine the extracted radula 
we find signs of very hard wear in the 
front portion, greatest in the central 
teeth, which are often worn flat, but 
also severe on the laterals” (5). 
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Fig. 1. Hole drilled in an abalone shell (Haliotis fulgens) by a large Octopus bimacu- 
latus (arm spread, 1.5 m) (about x 18). [A. O. Flechsig] 


Once we were fortunate enough to 
see an octopus in the act of drilling a 
hole in an abalone (Haliotis fulgens). 
The octopus weighed 48 g, the abalone 
19 g. The entire process, from initial at- 
tack by the octopus to detachment of 
the abalone from the aquarium wall, 
took just 3 hours. The abalone was im- 
mediately taken from the octopus. There 
was a typical hole in the shell. The 
abalone was placed in another aquarium, 
where it readily attached itself to the 
wall and crawled away actively but was 
unable to hold on strongly. It is almost 
impossible to detach normal abalone of 
this size with the fingers, but this in- 
dividual could be readily detached. 
Three days later it could still be de- 
tached easily, but 2 weeks later it was 
normal. 

It has long been known that the oc- 
topus has a venom elaborated chiefly 
by the posterior salivary glands (6), the 
duct from which opens just beneath the 
radula (7). The use of this venom for 
paralyzing crabs is also well known (8). 

An extract was prepared (6) of the 
combined posterior salivary glands (0.8 
g, fresh weight) which had been ex- 
cised from two freshly killed Octopus 


bimaculoides; frozen and_ stored at 
— 18°C. In a room at ‘6°C the 
glands were ground with sand in 


a mortar, sea water (9 parts) being 
added in increments to the homog- 


enate. The suspension was centrifuged, 
and the opalescent supernatant, kept in 
ice water, was injected into crabs and 
abalones. In the crab Pachygrapsus 
crassipes Randall the injections pro- 
duced death and paralytic symptoms 
similar to those described elsewhere for 
octopus venom (8); such symptoms were 
not produced by sea water, nor were 
they produced by a similarly prepared 
extract of octopus muscle tissue. Three 
abalones, Haliotis fulgens (19, 20, and 
33 g, fresh weight, respectively) each 
received an injection into the foot mus- 
cle of 0.025 ml of extract per gram of 
abalone. Three other abalones (22, 25, 
and 31 g, respectively) were similarly 
injected with sea water. The latter three 
animals retained their ability to adhere 
tightly to the aquarium wall and to right 
themselves when placed on their backs. 
The abalones injected with salivary ex- 
tract were easily removed from the 
aquarium wall and did not right them- 
selves when turned over. They died 
within 2 days. 

Sometimes the octopus does not drill 
a hole. In such cases it appears to open 
the bivalve or to pull an abalone off 
the substrate by force. We are not cer- 
tain what factors are involved in the 
choice of the method of feeding, but it 
seems reasonable to assume that the 
octopus may try force first and, failing 
in this, may then drill a hole. 
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These observations suggest that Octo- 
pus bimaculoides and O. bimaculatus 
may prey naturally on shelled mol- 
lusks by drilling a hole and injecting 
venom. We have found in nature 
numerous empty shells of the species 
Tegula funebralis Adams, Chione un- 
datella Sby., Protothaca staminea Con- 
rad, and Haliotis spp. with holes iden- 
tical in shape to those made by Octopus 
in the aquarium (9). 

Note added in proof: Dr. S. Still- 
man Berry has brought a paper by 
Fujita (70) to our attention. Fujita dis- 
covered that O. vulgaris on the coast of 
Japan bored holes into the shells of 
the pearl oyster, and he suggested that 
venom was injected to weaken the ad- 
ductor muscle. 

M. E. Q. PILSON 
P. B. TAYLOR 
Scripps Institution of Oceanography, 
University of California, La Jolla 
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Translocation of Streptomycin 
from Coleus Leaves and Its 
Effect on Rhizosphere Bacteria 


Abstract. Autoradiographs showed that 
when streptomycin is applied to leaves of 
coleus plants (1000 to 3600 micrograms 
per plant) the antibiotic or some by-prod- 
uct is translocated laterally and downward. 
The translocated material does not alter 
rhizosphere microorganisms quantitatively. 
Gram-negative rhizosphere bacteria, how- 
ever, are suppressed through the 8th day 
after treatment. 


In studies of the ecology of rhizo- 
sphere microorganisms, it became of in- 
terest to produce selective quantitative 
and qualitative alterations in the popu- 
lations of these organisms in their natu- 
ral habitat. Two general approaches are 
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available. The first involves treating the 
entire soil since the location of the 
rhizosphere cannot be determined be- 
forehand. The second involves applica- 
tion of an active material to the plant 
(or seed) in a manner that will permit 
downward translocation of the active 
material to the roots. The second ap- 
proach has been used previously (J). 
When Bordeaux mixture, a nonselective 
agent, was applied to leaves of beans, 
it increased the levels of copper and 
reduced the numbers of bacteria in the 
plant rhizosphere. 

The possibility of utilizing selective 
materials of complex molecular struc- 
ture was tested by applying streptomy- 
cin to leaves of coleus plants (Coleus 
blumei Benth) whose rhizosphere mi- 
croflora was then periodically sampled. 
Streptomycin and coleus were selected 
because (i) this antibiotic apparently 
moves downward in coleus stems (2), 
(ii) it persists in some plants for as long 
as 8 weeks (3), and (iii) it is degraded 
relatively slowly in soil (4). Also we 
found that streptomycin is not phyto- 
toxic to coleus at levels of application 
in excess of 4000 yg per plant. 

The movement of antibiotics in 
plants apparently varies with the plant 
and the antibiotic employed (5). In 
cherry trees (6): and peach trees (7) 
streptomycin moves very little or not at 
all from treated leaves. In hops (8) and 
beans (9) it moves upward with ease, 
in detectable amounts when applied at 
low dosages, but not downward. In 
apples and pears it moves both up- 
ward and downward when applied at 
relatively high dosages (/0). 

All the plants we used were grown in 
unsterilized soil from split-node cuttings 
from a single parent plant. The plants 
were of uniform age and size and gen- 
erally had four to six fully developed 
leaves. 

Streptomycin sulfate at 10,000 pg/ml 
of 1-percent glycerol was applied, at 
rates which varied in the several ex- 
periments from 0.03 to 0.10 ml per ap- 
plication, in a band across the widest 
part of the leaf or leaves. The mixture 
of antibiotic and glycerol was then 
spread with a thin glass rod over the 
upper leaf surface except near the pet- 
iole. This method prevented any acci- 
dental external movement of the strep- 
tomycin down the petiole to the stem. 
Material in excess of that contained in 
0.10 ml of solution was applied to the 
leaves in equal portions as described 
above. The leaves were allowed to dry 
between applications to prevent drip- 
ping from the leaf tip. 


Table 1. Effect of streptomycin applied to 
leaves of coleus on the percentage change 
in numbers of Gram-negative rhizosphere bac- 
teria at different times after treatment. In 
test 1, 1000 yg of streptomycin sulfate were 
applied to each plant in one application; in 
test 2, 3600 ug of streptomycin sulfate were 
applied to each plant in three applications. 











Time after . Change in Gram-negative 

treatment rhizosphere bacteria (%) 
(day) Test 1 Test 2 Mean 
0 0 0 0 
+ —37 —20 —28 
8 —22 —22 —22 
12 -—9 +9 0 





The results of a series of experiments 
are reported here. In the first experi- 
ment 1000 ,»g of streptomycin sulfate 
were applied to each plant in one ap- 
plication. In the second, 3600 yg were 
applied to each plant in three applica- 
tions of 1200 yg each. In both cases the 
treatment was equally divided between 


the two leaves arising at a single node. ° 


Control plants were treated identically 
with 1-percent glycerol solution without 
streptomycin. Four replications were 
used throughout. 

The plants were carefully lifted from 
the soil 4, 8, and 12 days after treat- 
ment, and the superfluous soil was re- 
moved from the roots by tapping the 
plant sharply several times. The roots 
and adhering soil were immediately 
transferred to sterile water blanks. After 
rotary agitation for 30 minutes, dilu- 
tions were prepared and dilution plates 
were made by adding 10 ml of agar 
medium to 1 ml of the final suspension 
in a petri plate. Bacteria and strepto- 
mycetes were enumerated on egg-albu- 
min agar, and fungi were enumerated 
on a vegetable juice—dextrose—yeast ex- 
tract agar containing antimicrobial 
agents (J/). The total numbers of the 
three groups of microorganisms did not 





Fig. 1. Lateral and downward movement 
of C-labeled streptomycin in coleus plants 
6 hours (left) and 24 hours (right) after 
application of 3000 ug of labeled strepto- 
mycin to the upper left-hand leaf of each 
plant (about xX %). 
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change appreciably in the rhizosphere. 

In addition to counting the organisms 
at each harvest time, we picked at ran- 
dom 100 bacterial colonies from each 
group of plants (treated and control), 
and prepared Gram stains. In both ex- 
periments a strong suppression of 
Gram-negative bacteria was observed 
4 and 8 days after treatment (Table 1). 
The effect largely disappeared by the 
12th day. 

Although foliar application of strep- 
tomycin resulted in an appreciable shift 
in the ratio of the Gram-negative to the 
Gram-positive bacteria in the coleus 
thizosphere, the results do not neces- 
sarily prove that streptomycin was 
translocated downward. 

Several bioassays were made with 
coleus plants treated on one leaf only 
to trace the movement of streptomycin. 
These tests included direct plating of 
leaf, petiole, stem, and root segments; 
freezing and thawing the various plant 
parts and then pressing out the plant 
juice and applying samples of this juice 
to sensitivity disks; and growing the 
plants in liquid culture, vacuum-con- 
centrating the liquid at 35°C to a 40- 
times concentration, and applying sam- 
ples of the concentrated liquid both 
to sensitivity disks and in glass wells. 
All tests were run on nutrient agar seed- 
ed with a streptomycin-sensitive strain 
of Bacillus subtilis Cohn. The results of 
these tests indicated movement of the 
streptomycin or some _ antimicrobial 
metabolite of it from the treated leaf 
to the opposite leaf, to the internodal 
stem section below the treated leaf, and 
to the leaf directly below the treated 
one. No tissues above or below those 
mentioned gave any indication of the 
presence of streptomycin. Sampling 
times varied between 6 hours and 6 
days after treatment. These results may 
indicate either that the streptomycin is 
distributed in the plant to a limited ex- 
tent or that the material remaining free 
and active after “binding” (7) by plant 
substances is present in minute quan- 
tities not detectable by conventional 
bioassays. 

Resolution of this problem became 
possible through the use of C-labeled 
streptomycin (/2). Eight uniform coleus 
plants about 6 inches tall were selected, 
and one leaf about midway up the stem 
on each of four of the plants received 
3000 pg of a calcium chloride complex 
of labeled streptomycin in 1-percent 
glycerol possessing an activity of 0.054 
uc/mg. Therefore, each plant received 
0.162 »c. The remaining four plants re- 
ceived distilled water containing 1-per- 
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cent glycerol only. Two streptomycin- 
treated and two control plants were har- 
vested 6 hours after treatment and the 
remaining four after 24 hours. Soil was 
washed from plant roots, and each plant 
was then placed on a sheet of blotting 
paper. The roots were cut from the 
stem to prevent any further movement 
of streptomycin, a second sheet of blot- 
ting paper was placed on the plant, and 
the mounted plant was immediately 
placed in a freezer:-When-the—plants 
were completely frozen, x-ray film was 
placed on the plants in light-proof hold- 
ers. A thin window counter indicated 
that the minimum satisfactory exposure 
of the treated plant was 30 to 60 days. 
On the basis of these results an expos- 
ure of 75 days was selected. The auto- 
radiographs (Fig. 1) show that carbon- 
14 is translocated from the treated leaf 
laterally and downward to the tips of 
the roots within 24 hours. The upper 
left-hand leaf in both radiographs was 
the one treated with labeled strepto- 
mycin. The treated leaf was approxi- 
mately in the middle of the stem. The 
stem and leaves above the treated leaf 
produced no image on the radiographs. 
This unidirectional movement is in con- 
trast to the results obtained by other 
workers when plants other than coleus 
were used in studying translocation of 
streptomycin. 

It appears that when streptomycin is 
applied to leaves of coleus plants in 
relatively large amounts the antibiotic 
or some by-product is translocated lat- 
erally and downward, but not upward, 
and acts to suppress the Gram-negative 
bacteria in the rhizosphere of the treat- 
ed plants. 

C. B. Davey 
G. C. PAPAvIzAs 
Crops Research Division, 
U.S. Agricultural Research Service, 
Beltsville, Maryland 
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Effect of Molecular Weights of 
Colloidal Dextran on 
Human Serum Lipids 


Abstract. When 6-percent colloidal solu- 
tions of dextran (molecular weights, 10.000 
to 500.000) are mixed with human serum 
in vitro, a new dextran-lipid fraction ap- 
pears in paper strip electrophoresis be- 
tween the starting point and the gamma 
globulins. The intensity of this dextran- 
lipid fraction increases with the progres- 
sive increase of molecular weight of the 


~dextran’ used, and this increased intensity 


of the dextran-lipid fraction is accom- 
panied simultaneously by an appropriate 
decrease of the lipid fraction migrating 
with the beta globulins. The intensity of 
the A-lipoproteins and the neutral fats 
adsorbed at the starting point seems un- 
altered by the application of dextran in 
colloidal solution regardless of the molec- 
ular weight of the dextran used. No change 
of the protein patterns was observed. 


Keler-Baéoka et al. (1) recently de- 
scribed the effect of dextran [Macrodex, 
Uppsala, Sweden (molecular weight, 
70.000)] in a 6-percent colloidal solu- 
tion for infusion use applied in vivo 
and in vitro on human serum lipids. 
This effect consists in changes of the 
lipid pattern in paper strip electropho- 
resis: Between the starting point and 
the gamma globulins a new lipid frac- 
tion appears with a slower mobility 
than any mobile protein or lipid frac- 
tion in normal serum. This fraction, 
called by the authors the dextran-lipid 
fraction, obviously diminishes the in- 
tensity of the lipid fraction migrating 
with the mobility of the beta globulins. 

In this report the effect of dextran, in 
colloidal solution and with increasing 
molecular weights, on human serum 
lipids is studied in vitro. 

Six-percent colloidal solutions of dex- 
tran of different molecular weights 
(10.000 to 500.000) (2) were obtained 
by dissolving dextran in redistilled water 
at 95°C. Data for the dextrans used 
are shown in Table 1. 

The sera of 20 adult persons were 
mixed in vitro with colloidal solutions of 
dextran of different molecular weights 


Table 1. Average molecular weights of the 
dextrans used, as determined by different 
methods. The dextrans used were prepared 
from hydrolyzed dextran through a repeated 
partial precipitation procedure. See also B. 
Ingelman and M. Halling, Arkiv Kemi 1, 61 
(1949). [Pharmacia, Uppsala, Sweden] 








or Light Analysis of 
weight scattering end groups 
10.000 10.500 6.100 
40.000 41.000 22.300 
80.000 75.000 46.200 
150.000 153.000 95.000 
. 500.000 450.000 200.000 
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by mixing 1 ml of serum with 0.5 ml 
of a 6-percent dextran solution. All the 
unmixed as well as the mixed sera were 
run in duplicate on filter paper strip 
electrophoresis and stained for lipids. 
The third filter paper strip was run and 
stained for proteins. The electrophoresis 
was performed on filter paper (What- 
man No. 1) in veronal-acetate or in 
phosphate buffer at pH 8.6, ionic 
strength 0.1, in a potential gradient of 
3 to 4 volt/cm for 18 hours. The lipid 
patterns were stained with Sudan Black 
(3) and the protein patterns with Amido- 
black (4). The densitometric scannings 
were performed on an Elphor densi- 
tometer. 





NF 


5 ses 
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All lipidograms of the human sera 
mixed with different molecular weights 
of dextran in colloidal solution without 
exception showed the dextran-lipid 
fraction. It is evident from the lipido- 
grams and their densitometric scannings 
shown in Fig. 1 that the increase of the 
molecular weight of the dextran added 
increases the intensity of the dextran- 
lipid fraction, and at the same time de- 
creases the intensities of the lipids 
migrating with the beta globulins. With 
dextran of molecular weight 500.000, 
the latter lipid fraction disappears al- 
most completely. The intensities of the 
A-lipoprotein fraction, as well as of the 
neutral fats adsorbed at the starting 


A 


Fig. 1. Paper strip electrophoresis of human serum and mixtures of 1 ml of serum and 


0.5 ml of a 6-percent colloidal solution of dextrans with increasing molecular weights, 
and densitometric scannings of the lipidograms. 1, Serum unmixed, protein staining. 
2, Serum unmixed, lipid staining. 3-7, Mixtures of serum and dextran (Molecular 
weights of dextran: 3, 10.000; 4, 40.000; 5, 80.000; 6, 150.000; and 7, 500.000). Note 


the appearance of the dextran-lipid fraction (DL-fraction) on the lipidograms and 
densitometric scannings. 
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point (NF), seems unchanged by col- 
loidal solutions of dextran of different 
molecular weights in vitro. 

The use of approximately equimolar 
concentrations of the colloidal solutions 
of dextrans with increasing molecular 
weights was omitted in these experi- 
ments, because the choice of a concen- 
tration of a dextran solution which 
shows just a faint effect of the forma- 
tion of the dextran-lipid fraction would 
result, in the experiment with the next 
higher molecular weight of dextran, in 
complete disappearance of the beta- 
lipoprotein fraction and maximal forma- 
tion of the dextran-lipid fraction. 

Z. PUuéarR 
Institute Rudjer BoSkovicé, 
Zagreb, Yugoslavia 
M. KELER-BACOKA 
Clinic for Internal Diseases Rebro, 
Faculty of Medicine, Zagreb, 
Yugoslavia 
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Myelin-Binding Antibodies 
in Experimental “Allergic” 
Encephalomyelitis 


Abstract. Antibodies with a specificity 
for myelin, as demonstrated by immuno- 
fluorescence, are present in the sera of 
rabbits injected with spinal cord. These 
antibodies react with both adult rabbit and 
human spinal cord but not with unmyeli- 
nated areas of neonatal human spinal cord. 


Complement-fixing antibodies are 
known to be present in the sera of ani- 
mals with experimental “allergic” en- 
cephalomyelitis (EAE) (/). Moreover, 
Bornstein and Appel (2) have recently 
shown that the ‘sera of rabbits with 
“allergic” encephalomyelitis are capable 
of producing demyelination of rat cere- 
bellum in tissue culture. The latter 
finding prompted us to study the sera 
of such animals for the presence of 
myelin-binding factors. Fluorescent- 
antibody studies by Beutner et al. (3) 
suggested that the myelin sheath may 
be one of the antibody combining sites. 

“Allergic” encephalomyelitis was in- 
duced in seven of a total of ten rabbits 
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by the injection of an emulsion consist- 
ing of one part rabbit spinal cord and 
two parts Freund’s adjuvant. A single 
0.4-ml dose was given intradermally, 
divided among the four foot pads. The 
affected rabbits developed severe paresis 
of the hind limbs, incontinence, and 
ataxia between the 16th and 18th days 
and were bled and killed at that time. 
Histological examination revealed the 
characteristic lesions of “allergic” en- 
cephalomyelitis in all the affected ani- 
mals. The three unresponsive rabbits 
were bled at 21 days and kept under 
observation. 

Control rabbits received single injec- 
tions of adjuvant alone (two rabbits) or 
of adjuvant emulsified with other ma- 
terials, such as bovine serum albumin 
(two rabbits) or rabbit liver (four rab- 
bits). An additional two rabbits were 
injected with a suspension of 10 percent 
spinal cord in saline without adjuvant. 
The latter received 0.4 ml intradermally 
three times a week for 5 weeks. None 
of the rabbits in any of these groups 
exhibited clinical evidence of disease, 
and all were bled 21 days after the last 
injection. All sera were absorbed with 
rabbit erythrocytes taken from three 
normal rabbits which subsequently 
served as the source of normal tissue. 
All tissues were frozen in liquid nitro- 
gen and kept at —20°C. The globulin 
fractions of the rabbit sera were sepa- 
rated by ammonium sulfate precipita- 
tion (SO percent saturation). Anti-rabbit 
gamma globulin was produced in chick- 
ens, and the globulin fraction of this 
antiserum was similarly prepared. The 
latter was then conjugated to fluorescein 
isothiocyanate (3). The conjugate was 
absorbed with rat liver powder prior 
to use. 

Unfixed frozen sections of normal 
rabbit spinal cord washed in phosphate- 
buffered saline (pH 7.2) were incubated 
with either the absorbed whole EAE 
rabbit serum or its globulin fraction 
for 45 minutes at room temperature. 
They were then washed with buffered 
saline and incubated with fluorescein- 
conjugated anti-rabbit gamma globulin 
for an equal period of time. Following 
a final washing they were mounted in 
buffered glycerine and studied by means 
of a fluorescence microscope unit. Bril- 
liant specific fluorescence was observed 
in the myelin sheaths (Fig. 1), which 
could be identified in both transverse 
and longitudinal sections by phase- 
contrast microscopy. The fluorescein- 
labeled anti-rabbit gamma globulin pro- 
duced bright fluorescence even when 
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the EAE sera were diluted 25-fold. The 
EAE serum reacted equally well with 
sections prepared from autologous spi- 
nal cord. Similar specific fluorescence 
was observed with the sera of the three 
unresponsive rabbits. Rabbits which re- 
ceived multiple injections of spinal cord 
alone exhibited fluorescence which was 
just perceptible in undiluted sera. 
Human spinal cords were obtained 
from autopsies within 3 hours of death. 
When the sections were incubated with 
the EAE rabbit serum a similar pattern 


of fluorescence was observed. Trans- 


verse sections were prepared from the 
spinal cord of a 10-day-old infant in 
order to determine whether the EAE 
globulins would bind to areas of white 
matter which had not yet undergone 
myelination. These areas were demon- 
strated in an adjacent block, which was 
fixed in Formalin and stained with Lux- 
ol blue. Fluorescence was observed in 
regions such as the dorsal roots and, to 
a lesser extent, in the posterior columns, 
but not in the region of the pyramidal 
tract, which is known to myelinate at a 
later stage of development. The pattern 








Fig. 1. (Top) Frozen transverse section of normal rabbit spinal cord incubated with 


EAE rabbit serum and washed and stained with fluorescein-labeled anti-rabbit gamma 
globulin. Note the fluorescence of the myelin sheaths. (Bottom) A control section incu- 
bated with normal rabbit serum. Note the absence of specific fluorescence (about 


x 275). 


1371 











and degree of binding of the EAE 
globulins corresponded to the distribu- 
tion of myelin in the sections stained 
with Luxol blue, thus suggesting that 
the presence of myelin is required for 
binding to occur. 

In control studies, the sera of animals 
with “allergic” encephalomyelitis did 
not bind to sections of rabbit liver or 
kidney. Prior absorption of EAE sera 
with rabbit spinal cord removed the 
specific fluorescence, whereas similar 
treatment with rabbit liver had no ef- 
fect. Specific fluorescence was not ob- 
tained with any of the sera from rabbits 
injected with liver or bovine serum al- 
bumin in combination with Freund’s 
adjuvant or from rabbits injected with 
the adjuvant alone. Negative results 
were also obtained with the sera of rab- 
bits with acute nephrotoxic nephritis 
and with the potent anti-rabbit-kidney 
serum (chicken) used to produce the ne- 
phritis. Fluorescein-labeled anti-chicken 
gamma globulin was used for detection 
of the latter. 

There is considerable evidence, as 
summarized by Waksman (4), that the 
pathological lesions of “allergic” en- 
cephalomyelitis are a manifestation of 
delayed hypersensitivity and associated 
with cell-bound antibodies. However, 
it is likely that circulating antibodies 
may play some role in its pathogenesis. 
Bornstein (2) demonstrated in vitro a 
circulating toxic factor, and Paterson 
et al. (5) have recently presented evi- 
dence for a circulating factor in the 
serum of rats that have recovered from 
“allergic” encephalomyelitis which, when 
passively transferred, protects other rats 
against developing the disease. This 
factor may be an anti-brain antibody, 
with properties similar to the “enhanc- 
ing” factor demonstrable in tissue-trans- 
plantation studies, which appears to 
protect the transplant against rejection 
by the host animal (6). The sera of our 
rabbits with experimental “allergic” en- 
cephalomyelitis possessed a factor ca- 
pable of binding specifically to myelin. 
This serum factor exhibits all the prop- 
erties of an organ-specific antibody. The 
localization of the antibody to myelin 
assumes added significance in view of 
the fact that the encephalitogenic anti- 
gen is considered to be a myelin con- 
stituent (4, 7). 

AULAN L. SHERWIN,* 
MAXWELL RICHTER, 
JAMES B. COSGROVE, BRAM ROSE 
Division of Immunochemistry and 
Allergy, Royal Victoria Hospital, and 
Montreal Neurological Institute, 
McGill University, Montreal, Quebec 
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Effect of Estradiol on the 
Transfer Rate of Small Molecules 
into the Rat Uterus 


Abstract. The uterus-to-serum distribu- 
tion ratio has been studied for urea-C™ 
as a function of time, and for sucrose-C™ 
at an early time after injection of the 
substance into rats. For both substances, 
estrogen influences the rate of passage 
between plasma and uterus. 


One mechanism proposed for the 
biological action of estrogens has 
been an effect on the permeability of 
the uterus. There has been little ex- 
perimental work that bears directly on 
this theory, largely because of the 
many variables present when the tar- 
get organ is studied in its natural en- 
vironment. At least three physical 
changes occur in the rat uterus soon 
after estrogen treatment: there is an 
increase in ‘water content (J): there 
appears to be an increase in capillary 
permeability (2); and there is an in- 
crease in blood-flow rate (3). In a 
recent paper (4), Halkerston et al. 
concluded that no changes in perme- 
ability of the uterus could be found 
1% hours after injection of estradiol 
into ovariectomized, nephrectomized, 
and adrenalectomized rats. Their meas- 
urement of “permeability” was the dis- 
tribution ratio (tissue to plasma) of 
C-labeled materials (including  su- 
crose-C*) 90 minutes after the injec- 
tion of the tracer. Since their work 
has been quoted in the recent literature 
(5), it seems worth while to te-examine 
the problem before the proposed effect 
on permeability is discarded. 

The critical process is really the 





“flux” (6) of a substance across a bio- 
logical barrier, and not the “steady- 
state” relation between levels in blood 
and tissue which is achieved some time 
after the tracer is injected. Since the 
small molecules used in this type of 
study enter the uterus very rapidly, it 
is almost impossible to obtain tissue 
levels that increase with time; the die- 
away curve in plasma is so’ steep that 
a downhill gradient may exist between 
tissue and plasma which favors less 
of the tracer material from the tissue. 
Nevertheless, one can get tissue-to- 
plasma ratios quite early after the ad- 
ministration of a tracer substance and 
examine these as a function of time. 
Ovariectomized Long Evans rats 
weighing 200 to 250 g were given 
2 pg of estradiol in saline intravenously 
1 hour before sacrifice; the controls re- 
ceived saline. Experimental and con- 
trol animals were anesthetized with 
pentobarbital (50 mg/kg, injected in- 
traperitoneally) and then given urea-C” 
intravenously (3 to 5 pc) from 0 to 10 
minutes before sacrifice. In one set of 
experiments rats received 3 to 5 ye of 
sucrose-C" 3 minutes before sacrifice. 
At the time of sacrifice a blood sample 
was obtained by heart puncture, the 
aorta was severed, and the uterus was 
removed. The, serum was collected 
from each blood sample, the serum 
proteins were precipitated with 75-per- 
cent ethanol, and a sample of the 
supernatant was saved for assay of 
radioactivity. After weighing, the uterus 
was placed into a vial containing 1 ml 
of distilled water, and the vial was 
stored overnight in the refrigerator. A 
sample of the water from this vial was 
used to assay for radioactivity in the 
uterus. (It was demonstrated that equi- 
librium between tissue and aqueous 
phase had occurred by homogenizing 
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Fig. 1. Distribution ratios between uterus 
and serum for urea-C™ as a function of 
time after injection of tracer. Open cir- 
cles, animals that received saline 1 hour 
before time of sacrifice; solid circles, 
animals that received estradiol 1 hour 
before time of sacrifice. 
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Table 1. 
and sucrose-C" 
The differences between means for each sub- 





Uterus-to-serum ratios of urea-C" 
3 minutes after injection. 


stance (controls as against 
group) is significant at P = .01 for urea 
and at P = .001 for sucrose. There were six 
rats in each group. The ratios for sucrose 
distribution are less than those for urea; this 
is due to the larger volume of distribution 
of urea. 


experimental 








Group Mean + S.E 
Urea-C™ 
Control 0.69 + 0.09 
Estrogen 1.02 + 0.04 
Sucrose-C™% 
Control 0.38 + 0.01 
Estrogen 0.46 + 0.01 





the tissue and precipitating protein; su- 
pernatant from this procedure was as- 
sayed for radioactivity and found to 
yield the same results as that obtained 
by the “diffusion” method outlined 
above.) Counting of radioactivity was 
performed in a_ liquid scintillation 
counter. 

In Fig. 1, the ratio counts per minute 
per milligram of uterus to counts per 
minute per microliter of serum is plot- 
ted as a function of time after the in- 
jection of urea-C™ in animals that were 
injected with estradiol or saline 1 
hour before sacrifice. It is apparent that 
there is no clear difference in the tis- 
sue-to-serum ratio after about 5 min- 
utes. It is also clear that there is a 
steeper slope toward a ratio of unity 
for the estrogen-treated animals than 
for controls. 

It was the purpose of the next set 
of experiments to evaluate this estrogen 
effect in quantitative terms. For this 
purpose all animals were killed 3 min- 
utes after the injection of a trace 
amount of urea-C™ or sucrose-C™, and 
1 hour after estrogen or saline adminis- 
tration. Results for these two tracers, 
studied in separate groups of animals, 
are given in Table 1. The results show 
a significant difference between con- 
trol and experimental groups for each 
radioactive substance. The tissue-to- 
serum ratios are higher in each case 
where the rats had received estrogen. 

On the basis of the foregoing results 
it is contended that there is an increased 
rate of equilibration of small mole- 
cules between uterus and serum as 
early as 1 hour after estradiol treat- 
ment. Examination of plasma _ levels 
of each tracer as a function of time 
after injection revealed no apparent 
difference in the die-away curves for 
estrogen-treated and control animals. 
The results do not prove that there is 
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enhanced permeability of the uterus, 
since we have been unable to deter- 
mine the influence of changes in blood 
flow. Even the “increased capillary 
permeability” mentioned above may be 
a reflection of an increased blood-flow 
rate. In an earlier report it was demon- 
strated that uterine blood flow is mark- 
edly enhanced 4 hours after estradiol 
administration (3); in a few experi- 
ments we have found an increased 
blood flow as early as 1 hour after 
estradiol injection. 

It thus appears that there is no basis 
for a categorical dismissal of a pro- 
posed estrogen effect on permeability 
of the uterus at the present time. At 
the same time the point should be 
made that the rate of access of small 
molecules into the uterus is enhanced 
by this hormone (7). 
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Potassium-Argon Age of 
Devils Tower, Wyoming 


Abstract. Devils Tower consists of co- 
lumnar phonolite porphyry which contains 
large phenocrysts of orthoclase. Potassium- 
argon determinations on the orthoclase 
indicate an age of 40.5 million years + 4 
percent. This is consistent with the geo- 
logically accepted Tertiary age. 


Devils Tower, located in the north- 
eastern corner of Wyoming, stands 
about 1800 m above its immediate sur- 
roundings and has a diameter of about 
2400 m at its base (J). Vertical colum- 
nar jointing causes its steep sides to 
be fluted (Fig. 1). The tower itself and 
the talus surrounding its base have been 
classified as phonolite porphyry (2). 





Fig. 1. Devils Tower, Wyoming, from the 
south. [P. F. Kerr] 


Soda-rich orthoclase phenocrysts range 
from 6 to 12 mm across and offer suit- 
able material for potassium-argon age 
determinations. 

Devils Tower lies in a region of 
Triassic and Jurassic sedimentary 
strata. In Fig. 1 the flat valley in the 
foreground is the Gypsum Spring for- 
mation (Triassic), and the cliffs in the 
middle distance are members of the 
Sundance formation (Jurassic). The 
tower itself is considered to be Terti- 
ary on geological evidence (3). 

A sample of phonolite porphyry was 
crushed and sized, and the orthoclase 
phenocrysts were separated from the 
rest of the rock by means of an isody- 
namic magnetic separator. The potas- 
sium content of the orthoclase was 
found, by flame photometric deter- 
minations, to be 4.88 percent. Two mass 
spectrometric determinations of the 
argon-40 by the isotope dilution method 
gave 8.04 x 10° and 7.86 X 10° cm*/g 
(STP). Ages calculated from _ these 
values with constants Ae = 0.585 xX 
10°° yr? and As = 4.830 x 10° yr” 
(4), are 41.0 million years and 40.0 
million years, respectively. The average 
of these two values places the probable 
age of the Devils Tower phonolite 
porphyry at about 40.5 + 1.6 million 
years (5). 

WILLIAM A. BASSETT 
Department of Chemistry, Brookhaven 
National Laboratory, Upton, New York 
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In the sparkling mountain air of 
Denver, where you can see Pikes Peak 
and a 150-mile stretch of the snowy 
Rockies on a clear day, members of 
the AAAS will assemble for the 128th 
annual meeting. The AAAS-wide ses- 
sion on Tuesday evening 26 December 
begins with a subject of particular in- 
terest in the mining capital born in the 
1859 gold rush. Howard Meyerhoff, 
a geologist who now heads the Scien- 
tific Manpower Commission, will re- 
port some little-known facts behind the 
looming mineral shortage in the US. 
You may stili meet a few jackbooted 
miners in the streets of Denver, and 
Meyerhoff will tell you why he thinks 
mineral exploration has not moved 
far enough beyond the methods of ’59. 

You. will not want to miss Meyer- 
hoff’s account of why the mineral min- 
ers have lagged behind the oil men in 
developing scientific techniques of ex- 
ploration and extraction. Now rapidly 
dropping to a metal-buyer’s position in 
a politically fragmented world, the U.S. 
must use the relatively new sciences of 
geophysics and geochemistry to open a 
new frontier of mineral technology, 
Meyerhoff says. 

At the same session, you will hear 
Arthur von Hippel, a physicist and 
pioneer in the new field of molecular 
science and engineering. Von Hippel, 
director of the Laboratory for Insula- 
tion Research at M.I.T., tells us that 
he will discuss “the molecular concepts 
which give science and engineering 
the basis for a true alliance.” 
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Report from the Scientist Who 
Heads AEC’s $2.7 Billion Affairs 


Denver is 2 hours by jet from the 
West Coast and 4 hours from the East, 
and we know of some particularly busy 
men who are planning to take the 
flight for just one session of the mam- 
moth AAAS program. This, of course, 
is the address by Glenn Seaborg, the 
chemist and Nobel laureate who is now 
running one of the world’s biggest 
businesses—the $2.7 billion-a-year en- 
terprises of the Atomic Energy Com- 
mission. On Wednesday evening mem- 
bers and guests will hear a report from 
the man who has been reporting to the 
President on the resumption of nuclear 
testing and who is making the decisions 
on the U.S. atomic arsenal and the role 
of government and private enterprise in 
the development of atomic power. 


Will We Find Life in Space? 


You'll be a mile nearer the moon 
in Denver, but your best look at what 
may lie beneath its siliceous dust will 
come at a day-long symposium spon- 
sored by the chemistry section on 
Wednesday 27 December. Here 11 men 
representing nine scientific fields will 
tell you what they have so far found 
out in laboratory approaches to the 
most alluring of scientific questions: 
will we meet the “fancy rust” called 
life elsewhere in the solar system? 

No, says Philip Abelson, the dis- 


tinguished Carnegie Institution geo- 
chemist and member of the general 
advisory committee to the Atomic 
Energy Commission. Over the last year 
Abelson, who was the first man in the 
U.S. to identify uranium fission prod- 
ucts, has been matching what astrono- 
mers know about the environments of 
the moon and planets against what biol- 
ogists know about the requirements of 
life on earth. He will tell why his work, 
including studies of a green alga under 
laboratory conditions simulating a time 
span of 25 million years, adds up to 
this conclusion: “Life as we know it 
cannot exist on the Moon, Venus, Mars 
or other planets of the solar system, 
and the potential longevity of microbes 
in meteorites is relatively short.” 

Charles Phillips, the chemist who 
organized the symposium, thinks life 
is tenacious. Phillips, director of the 
physical defense division of the U.S. 
Army Chemical Corps Biological Lab- 
oratories, is one of the specialists help- 
ing to plan sterilization of the lunar 
probe that the U.S. expects to launch 
early next year. This is one point of 
agreement between terrestrial East and 
West: both Soviet moon probes were 
reported to be sterilized. Neither the 
U.S. nor the U.S.S.R. wants to risk the 
irretrievable scientific sin of contami- 
nating the airless moon, whose long 
sweep of spatial debris may hold clues 
to the origin of life. 

You will be particularly interested 
in Phillips’ recent experiments indicat- 
ing that certain durable forms of life 
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survive extremely high vacuums—con- 
trary to the recent report from Hughes 


Aircraft researchers. With Arnold 
Wedum, physician and safety director 
of the U.S. Army Chemical Corps 
Biological Laboratories, Phillips will 
present a film showing how techniques 
for handling dangerous microorganisms 
can be adapted to space biology. 

Frederick Sisler, microbiologist, and 
Walter Newton, parasitologist, are 
looking into the core of the Murray 
meteorite which fell in Kentucky 10 
years ago. As a U.S. Geological Survey 
researcher, microbiologist Sisler has 
unlocked life from terrestrial rocks 
that are millions of years old. Using 
techniques developed for the fossil 
studies and working in Newton’s lab- 
oratory for germ-free animal research 
at the National Institutes of Health, 
these workers found a microorganism 
in the meteorite samples. The organism 
has grown in a culture medium but 
not when inoculated into germ-free 
animals. No one has identified the 
growth—a strange L-like form of micro- 
bial life—but it looks like a marine 
species. Sisler will teli what his recent 
experiments show on the key question: 
To what degree can the probability of 
earth contamination be ruled out in 
deciding that the meteorite brought life 
from outer space? 

Life’s tracks are characteristic multi- 
ting carbons and long alkane chains 
linking odd numbers of carbon atoms, 
according to Warren Meinschein, a 
geochemist who is the Esso Research 
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[Fred Maroon photograph reproduced by permission of Holiday, copyright 1961, Curtis Publishing Co.] 


& Engineering Co. expert on analysis 
of the hydrocarbons in the earth’s 
ancient sediments. Meinschein has also 
been looking into meteorites—three of 
them, in fact—and will tell you why 
he thinks the patterns he found in 
spectroscopic analyses of the meteorite 
hydrocarbons are evidence of a marine 
life form. Bartholomew Nagy, geo- 
chemist, Fordham University, George 
Claus, microbiologist, New York Uni- 
versity Medical Center, and Douglas 
Hennessy, chemist, Fordham Univer- 
sity, will join in this report. 

Since Huygens, astronomers on the 
troubled Earth have gazed hopefully 
at the “canals” and recurring bands of 
green on Mars as signs that neighbors 
somehow survive on the cold red planet 
where no fire burns. Hubertus Strug- 
hold, the U.S. Air Force’s chief expert 
on space medicine, thinks he has met 
the main conditions of Martian environ- 
ment in flight above 56,000 feet and 
duplicated these in Air Force space 
laboratories. He will review the Martian 
data and tell why he thinks there is life 
there—but not beyond the lichen stage. 

But bacteria pathogenic to mice have 
survived in laboratory conditions de- 
signed to approximate the almost oxy- 
genless Martian environment. Richard 
Ehrlich, bacteriologist, and Ervin Haw- 
rylewicz, biochemist, Illinois Institute 
of Technology, will tell how they have 
demonstrated this. 

Sidney Fox, the biochemist at Florida 
State University who produced large 
polypeptides by heating 18 or so amino 





acids in glutamic acid, has also offered 
some interesting suggestions of how 
primitive life may have been protected 
from the coagulative effect of high 
temperature. Fox will be on hand to 
offer evidence in support of a thermal 
theory of the origin of life and surface 
coagulation as the origin of the cell 
membrane. 

The old Arrhenian theory of inter- 
stellar panspermia may finally be laid 
to rest at this session by Carl Sagan, 
the University of California physicist 
who not long ago dealt with the ques- 
tion of whether a mineralogist, petro- 
leum geologist, or deep-sea diver should 
be sent to Venus (he says those clouds 
are ice crystals). Sagan may also have 
time to refer to a planetary engineering 
program he recently proposed to make 
the moon habitable. 

Not many of his students at Milton 
Academy in Boston know that astron- 
omer Harry Stubbs leads a double life. 
As Hal Clement he writes engrossing 
science fiction. Whether this versatile 
scientist will appear on the symposium 
as astronomer Stubbs or science fic- 
tioneer Clement is not for us to say. 


For other sessions of the chemistry 
section and for sessions of the mathe- 
matics section, see the program sum- 
mary on page 1376. A comprehensive 
preliminary announcement of the Den- 
ver program appeared in Science, 26 
May 1961. Additional news will appear 
in future issues. Send in the coupon on 
page 1328 for the complete program. 
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[MMillipore’ 


Filters 
MEMBRANE FILTER TECHNIQUE 


The Membrane Filter technique can speed 
up considerably the bacteriology involved in 
water works operation, particularly in check- 
ing new or repaired water mains before 
service is begun. Advantages of the MF 
technique given here far outweigh the re- 
ported higher cost per sample. Used primarily 
as a “go, no go” gauge, this discussion in- 
cludes comparisons between MF and other 
Standard Methods procedures. Samples and 
test results from all kinds of distribution 
paces piping are included in the study. 
di ct, I on » 1961, WATER & SEWAGE WORKS, 
FCT pp. 74-76, Feb. 
Millipore® filters are available in eleven pore 
size grades from 5u down to 10 mu. They retain 
on their surfaces all particles larger than rated 
pore size. 


When writing for technical information please 
state your fields of interest. 


Millipore’ cots ion 


Dept. S, Bedford, Massachusetts 








Second Printing July 1960 


AAAS Symposium Volume No. 52 


EVOLUTION OF NERVOUS 
CONTROL FROM PRIMITIVE 
ORGANISMS TO MAN 


Editor: Allan D. Bass 


1959, 240 pp. $5.75, AAAS members’ 
prepaid orders $5.00 


From a review in the Psychiatric Quar- 
terly, January 1960: 


This book is another in the superb 
series of monographs put out by the 
American Association for the Advance- 
ment of Science. . . . The text is actually 
a very readable review of some of the 
major research going on in various 
phases of neuropsychiatry. 


This book offers much more concrete 
and useful data than do a number of 
larger tomes dealing with the interdis- 
ciplinary approach to mental disease. It 
may be profitably read by anyone in- 
terested in the differing aspects of, or 
approaches to, the study of the nervous 
system and its activity. 


British Agents: wd Bros. & Swinfen, Ltd. 
Hyde House, W. Central St. 
London, W.C.1 


AAAS 


1515 Massachusetts Avenue, NW 
Washington 5, D.C. 
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Program Summary 


Chemistry 


Program chairman: Essie White 
Cohn, University of Denver. Program 
arranged with the assistance of the 
American Chemical Society, Colorado 
section, and the Colorado-Wyoming 
Academy of Science. 


Wednesday 27 December 


Recent Advances in Carbohydrates: 
Organic Chemistry Symposium. Part 
I: Monosaccharides, arranged by Hor- 
ace §. Isbell, National Bureau of 
Standards. Condensation, cleavage, and 
rearrangement reactions, Isbell. Keto- 
pentoses in synthesis of branch-chain 
sugar acids, Robert J. Ferrier. Bio- 
synthesis of deoxyhexoses, John H. 
Pazur. Labeling with carbon-14 and 
tritium, Harriet L. Frush. Gas chroma- 
tography, Henry W. Kircher. 

Part II: Polysaccharides, arranged 
by Roy L. Whistler, Purdue Univer- 
sity. Properties and uses, Whistler. Di- 
gestibility, Theodore E. Friedemann. 
Enzyme action on, Dexter French. 

Extraterrestrial Biochemistry and Bi- 
ology: Concurrent symposium, see page 
1375 for description. 

Chemists’ mixer arranged by Walter 
H. Dumke. 


Thursday 28 December 


Interdisciplinary Symposium in the 
Earth Sciences: Geochemical Evolution 
—The First 5 Billion Years, cospon- 
sored by the sections on Geology and 
Geography (E), Zoological Sciences 
(F), and Botanical Sciences (G), by 
the American Geophysical Union, and 
by the Geological Society of America. 
Arranged by T. S. Lovering, U.S. Geo- 
logical Survey. 

Part I: Cosmic and Geological As- 
pects. Origin of the chemical elements, 
G. R. Burbidge. Origin of the atmos- 
phere of the planets, Harold C. Urey. 
Role of the primitive environment in 
shaping the course of the origin of life, 
Philip H. Abelson. Geochemical evo- 
lution of continental crusts, Albert E. 
J. Engel. 

Part II: Minor Elements in the Bio- 
sphere and in Surface Waters. Effects 
of seme minor elements on animals 
and people, William H. Strain. Bio- 
chemical cycle of some minor elements 





in plants, Perry R. Stout. Biochemical 
cycle of vanadium in plants, Helen 
Cannon. Implications of the minor ele- 
ment content of some major streams of 
the world, Walton Durum and Joseph 
Haffty. Minor elements in some major 
municipal water supplies in the United 
States, Charles Durfor. Commentary, 
T. S. Lovering and Essie White Cohn. 


Friday 29 December 


Submitted papers I: Organic and bio- 
chemistry, arranged by Essie White 
Cohn. 

Submitted papers II: Analytical and 
physical chemistry, also arranged by 
Cohn. Walter H. Dumke will preside. 

These are concurrent day-long ses- 
sions. 


Mathematics and Related 
Programs 


Thursday 28 December 


Man and the Computer: Invited pa- 
pers, program cosponsored by the 
Mathematics Section (A) and the Asso- 
ciation for Computing Machinery, ar- 
ranged by W. F. Cahill, Goddard 
Space Flight Center, who will preside. 


Friday 29 December 


Some Educational Implications of 
the Computer Revolution, by George 
E. Forsythe, director of the computa- 
tion center, Stanford University. Speech 
cosponsored by ihe Mathematics Sec- 
tion and the Association for Comput- 
ing Machinery. Wallace Givens will 
preside. 

Teaching Machines and Mathematics 
Programs: Interaction of Content and 
Programing Specialists in Developing 
Self-Instructional Programs. Symposi- 
um cosponsored by the AAAS Cooper- 
ative Committee on the Teaching of 
Science and Mathematics and by the 
sections on Mathematics (A) and Psy- 
chology (1). Arranged by Joseph Ham- 
mock, Bell Telephone Laboratories, 
and John R. Mayor, AAAS. Partici- 
pants: Lewis D. Eigen, John A. Bar- 
low, Norman A. Crowder, Lloyd E. 
Homme, Jack E. Forbes, Max Beber- 
man, R. Creighton Buck, Robert M. 
Gagné. 

Biology and Mathematics: Sympo- 
sium cosponsored by the Mathematics 
Section and the Society for Industrial 
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MICROSCOPIC 
SLIDE LABELING 







Eliminate guesswork . . . greasemark mistakes. Get posi- 
tive identification. Simply pull tab and a fresh, clean label 
“pops” out. Fast, self-sticking labels dispensed one at a 
time. Available in standard or “tissue-high” thickness. They 
accept pen, pencil, ball point pen or typewriter marking. 
1000 labels per carton. 


Write for detailed information and the 
name of your nearest TIME distributor. 
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360 Burlington Ave. a Riverside, Ill. 
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Klett-Summerson “Photoelectric Colorimeters— 
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RESOLUTION 
MAXIMA? 


A worthwhile description of the many new design 
features of the new Norelco EM-200 Electron 
Microscope is not possible in this limited space. 
Many years of effort and design experience has 
been devoted to elimination of instrumental limits 
on electron microscope performance and to details 
which assure reliable operation as well as to provide 
maximum flexibility for special research techniques. 


While it would be both presumptuous and naive to 
assume that the EM-200 is the ultimate in design, 
the instrument represents a pronounced advance in 
the development of electron microscopy —a step 
which passes a new challenge to the microscopist 
and theorist: a challenge which requires new 
methods of specimen preparation or a new basis in 
theory before any further advance beyond this 
maxima is possible. 


Of course you want to know more about this. So 
write today to Philips Electronic Instruments, 
750 South Fulton Avenue, Mt. Vernon, N. Y., for 
your copy of a technical brochure which is chock 
full of abbreviated specs about the wonderment 
of this instrument. 
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NOW AVAILABLE 


William Phillips Comstock’s 


BUTTERFLIES 


of the 


AMERICAN TROPICS 


The genus Anaea 
(Lepidoptera: Nymphalidae) 


XIII, 214 p. Thirty full-page 
color plates. Many black-and- 
white line drawings. $25.00 


“Anaea is one of the largest and 
most beautiful genera of the mag- 
nificent butterfly life of the New 
World tropics...” 

Alexander B. Klots 

Professor of Biology 

City College of New York 


Orders should be accompanied by 
checks or money orders made pay- 
able to The American Museum of 
Natural History. Direct all corre- 
spondence and orders to: 


General Accounting, Dept. S 
The American Museum of Natural History 


Central Park West at 79th Street 
New York 24, New York 














HERE’S A QUALITY 
STUDENT MICROSCOPE 
AT A BUDGET PRICE! 


Although budget priced, the UNITRON 
Model MUS is definitely not just another 
Student microscope. It includes these 
Significant features often lacking in 
much more costly student models: 


e NOT JUST a disc diaphragm... 
but an iris diaphragm for perfect 
control of aperture and contrast. 

¢ NOT JUST a single focusing con- 
trol... but both coarse and fine. 

© NOT JUST a mirror... but a 

0.65NLA. condenser for optimum 

illumination and resolution. 

NOT JUST two objectives... but 

three: achromatic 5X, 10X, 40X. 

NOT JUST an ordinary eyepiece 

;.. but a coated 10X Wide Field 

for large, flat fields. 

PLUS THESE SPECIAL FEATURES 

+», larger stage projects beyond 

objective preventing damage to 
objectives and nosepiece. Autu- 
matic stop for fast focusing and io 

Prevent breakage of specimen 

Slides and optics. Durable, sturdy 

— withstands the use and abuse 

of classroom and laboratory. 









ASK FOR A FREE 10 DAY TRIAL 


Even higher discounts on 
quantities more than 10, 


UN/ITRON 


Price $7 5 
Only 


($67.50 each in lots 5-10 


INSTRUMENT COMPANY e MICROSCOPE SALES DIV 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS 

















| Please rush UNITRON’s Microscope Catalog. vig 
Name. 
| Company. ] 
j Address. H 
City. State 
ee 
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and Applied Mathematics, arranged by 
D. L. Thomsen, Jr., International Busi- 
ness Machines Corp. Irwin W. Sizer 
will preside. Participants: Wilfred J. 
Dixon, Jerome Y. Lettvin, Thomsen. 


Saturday 30 December 


Invited papers: Program arranged 
by Burton W. Jones, University of 
Colorado, who will preside. 

Recommendations on the Training 
of Teachers of Mathematics: Sympo- 
sium cosponsored by the Mathematics 
Section and the Committee on the Un- 
dergraduate Program in Mathematics 
of the Mathematical Association of 
America. Arranged by Robert J. Wis- 
ner, Michigan State University. 


Forthcoming Events 


November 


10. Nutrition Conf., 7th annual, De- 
troit, Mich. (J. M. Orten, Dept. of Physi- 
ological Chemistry, Wayne State Univ., 
1401 Rivard St., Detroit 7) 

12-17. Bahamas Conf. on Medical and 
Biological Problems in Space Flight, 
Nassau, Bahamas. (I. M. Wechsler, P.O. 
Box 1454, Nassau) 

13-14. Exploding Wire Phenomenon, 
2nd intern. conf., Boston, Mass. (W. G. 
Chace, Thermal Radiation Laboratory, 
CRZCM, Geophysics Research Directorate, 
Air Force Cambridge Research Labora- 
tories, Bedford, Mass.) 

13-16. Magnetism and Magnetic Ma- 
terials, 7th annual intern. conf., Phoenix, 
Ariz. (P. B. Myers, Motorola, Inc., 5005 
E. McDowell Rd., Phoenix 10) 

13-17. American Public Health Assoc., 
89th annual, New York, N.Y. (APHA, 
1790 Broadway, New York) 

13-17. Gulf and Caribbean Fisheries 
Inst., 14th annual, Miami Beach, Fla. 
(J. B. Higman, Marine Laboratory, Univ. 
of Miami, 1 Rickenbacker Causeway, Vir- 
ginia Key, Miami 49) 

13-18. European Conf. on the Control 
of Communicable Eye Diseases, Istanbul, 
Turkey. (World Health Organization, 
Palais des Nations, Geneva, Switzerland): 

14-16. American Meteorological Soc., 
Tallahassee, Fla. (Executive Secretary, 
AMS, 45 Beacon St., Boston 8, Mass.) 

14-16. Electronics Research and En- 
gineering, 15th annual, Boston, Mass. (L. 
Winner, 152 W. 42 St., New York 36) 

14-18. Puerto Rico Medical Assoc., 
Santurce. (J. A. Sanchez, P.O. Box 9111, 
Santurce) 

15-17. Eastern Analytical Symp., New 
York, N.Y. (A. Rekus, EAS, Research 
Dept., Baltimore Gas & Electric Co., Pratt 
St., Baltimore, Md.) 

15-18. Action for Mental Health, 11th 
annual, Miami Beach, Fla. (H. Milt, 
Natl. Assoc. for Mental Health, 10 Co- 
lumbus Circle, New Yor, 





15-18. Society of Naval Architects and 
Marine Engineers, annual, New York, 
N.Y. (W. N. Landers, SNAME, 74 Trinity 
Pl., New York 6) 

16-18. American Psychiatric Assoc., 
Milwaukee, Wis. (J. D. McGucken, 756 
N. Milwaukee St., Milwaukee 2) 

16-18. Etiology of Myocardial Infarc- 
tion, intern. symp. (by invitation), Detroit, 
Mich. (T. N. James, Section on Cardio- 
vascular Research, Henry Ford Hospital, 
Detroit) 

16-18. Southern Thoracic Surgical 
Assoc., Memphis, Tenn. (H. H. Seiler, 517 
Bayshore, Blvd., Tampa 6, Fla.) 

16-19, American Anthropological 
Assoc., Philadelphia, Pa. (S. T. Boggs, 
1530 P St., NW, Washington, D.C.) 

17-18. Southern Soc. for Pediatric Re- 
search, Atlanta, Ga. (W. G. Thurman, 
Dept. of Pediatrics, Emory Univ. School 
of Medicine, Atlanta) 

17-31. National Soc. for Crippled Chil- 
dren and Adults, annual conv., Denver, 
Colo. (NSCCA, 2023 W. Ogden Ave., 
Chicago 12, Ill.) 


19-22, International College of Surgeons, 


Western regional, San Francisco, Calif. 
(W. F. James, 1516 Lake Shore Drive, 
Chicago 10, Ill.) 

22-27. Automation and Instrumentation, 
5th conf., Milan, Italy. (Federezione delle 
Societa Scientifiche e Techniche di Milano, 
via S. Tomaso 3, Milan) 

22-1. Radioisotopes in Animal Biology 
and the Medical Sciences, conf., Mexico 
City, D.F. (International Atomic Energy 
Agency, 11 Kirntner Ring, Vienna 1, 
Austria) 

23-25. Central Assoc. of Science and 
Mathematics Teachers, Chicago, Ill. (J. 
Kennedy, Indiana State Teachers College, 
Terre Haute) 

24-25, American Soc. of Animal Pro- 
duction, Chicago, Ill. (C. E. Terrill, Ani- 
mal Husbandry Research Div., U.S. Dept. 
of Agriculture, Beltsville, Md.) 

24-25. National Council for Geographic 
Education, Philadelphia, Pa. (L. Kenna- 
mer, Dept. of Geography, Univ. of Texas, 
Austin) 

25-26: American College of Chest Phy- 
sicians, annual interim session, Denver, 
Colo. (M. Kornfeld, ACCP, 112 E. Chest- 
nut St., Chicago 11, Ill.) 

26. Medical Aspects of Sports, 3rd natl. 
conf., Denver, Colo. (F. V. Hein, AMA 
Committee on the Medical Aspects of 
Sports, 535 N. Dearborn St., Chicago 10, 
Ill.) 

26-1. American Soc. of Mechanical 
Engineers, winter, New York, N.Y. (L. S. 
Dennegar, ASME, 29 W. 39 St., New 
York, N.Y.) a 

26-1. Radiological Soc. of North Amer- 
ica, annual, Chicago, Ill. (R. P. Barden, 
713 E. Genesee St., Syracuse 2, N.Y.) 

27-28. Agricultural Meteorology, 4th 
conf., St. Louis, Mo. (K. C. Spengler, 
American Meteorological Soc., 45 Beacon 
St., Boston 8, Mass.) 

27-29. American Soc. of Hematology, 
annual, Los Angeles, Calif. (J. W. Rebuck, 
ASH, Henry Ford Hospital, Detroit 2, 
Mich.) ‘ 

27-30. American Medical Assoc., Den- 
ver, Colo. (F. J. L. Blasingame, 535 N. 
Dearborn, Chicago 10, Ill.) 
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27-30. American Soc. of Agronomy, 
jointly with Crop Soc. of America, Coun- 
cil on Fertilizer Application, and Soil 
Science Soc. of America, St. Louis, Mo. 
(ASA, 2702 Monroe St., Madison, Wis.) 

27-30. Entomological Soc. of America, 
Miami, Fla. (R. H. Nelson, 4603 Calvert 
Rd., College Park, Md.) 

29-i. Communication Wires and Cables, 
symp., Asbury Park, N.J. (H. Kingsley, 
U.S. Army Research and Development 
Laboratory, Fort Monmouth, N.J.) 

29-1. Western Surgical Assoc., San 
Francisco, Calif. (W. W. Carroll, 700 N. 
Michigan Ave., Chicago 11, IIl.) 

30. American Geographical Soc., New 
York, N.Y. (C. W. Bastable, Columbia 
Univ., New York 27) 

30-1. Conference on Graduate Medical 
Education, Philadelphia, Pa. (P. Nemir, 
Jr., Dean, Graduate School of Medicine, 
Univ. of Pennsylvania, Philadelphia) 

30-1. Vehicular Communications, Min- 
neapolis, Minn. (J. Kahnke, Minneapolis- 
Honeywell, Aero Div., 1541 Edgewater 
Ave., St. Paul 13, Minn.) 

30-2. Purest Substances in Science and 
Technology, intern. symp., Dresden, Ger- 
many. (Sekretariat, Chemische Gesellschaft 


in der Deutschen Demokratischen Repub-’ 


lik, Unter den Linden 68/70, Berlin W.8, 
Germany) 


December 


1. Symposium on Insulin, New York 
Diabetes Assoc., New York, N.Y. (New 
York Diabetes Assoc., 104 E. 40 St., New 
York 16) 

1-2. Linguistic Circle of New York, 7th 
annual conf., New York, N.Y. (L. Urdang, 
Random House, Inc., 501 Madison Ave., 
New York 22) 

2. International College of Surgeons, 
intern. executive council, Chicago, Ill. (H. 
E. Turner, 1516 Lake Shore Dr., Chicago 
11) 

2. New York State Registry of Medical 
Technologists, annual seminar, New York, 
N.Y. (S. H. Keeling, 1719 Midland Ave., 
Syracuse, N.Y.) 

2-7. American Acad. of Dermatology 
and Syphilology, annual, Chicago, Ill. (R. 
R. Kierland, Mayo Clinic, Rochester, 
Minn.) 

3-6. American Inst. of Chemical Engi- 
neers, New York, N.Y. (F. J. Van Ant- 
werpen, AICE, 345 E. 47 St., New York 
17) 

4-6. Institute of the Aerospace Sci- 
ences, Aerospace Support and Operations, 
natl., Orlando, Fla. (R. J. Kotowski, 318 
Virginia Dr., Melbourne, Fla.) 

4-8. International Colloquium on Ionic 
Bombardment, Bellevue, France. (Natl. 
Scientific Research Center, 15 Quai Ana- 
tole France, Paris 7°, France) 

4—9. Mathematics Instruction at Second- 
ary and University Levels, Inter-American 
conf., Bogota, Colombia. (M. Alonso, 
Div. of Science Development, Pan Ameri- 
can Union, Washington 6) 

4-9. World Federation of Neurology, 
Problem Commission of Tropical Neu- 
rology, Buenos Aires, Argentina. (P. 
Bailey, Natl. Inst. of Neurological Diseases 
and Blindness, Bethedsa, Md.) 


(See issue of 20 October for comprehensive list) 
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UCLA “For Scientists Everywhere” 


LABORATORY SHAKERS 








amazingly realistic 
wrist action® 


You control procedures from gentle to 1 
violent shaking and repeat any opera- § 
tion, exactly, at another time. Side j 
clamps take bottles and Erlenmeyer | 
flasks. Loads need not be balanced. 








Heavy-Duty Model | Exclusive Build-Up® Design 
sian at wt 
baie ALS 


e 





One basic unit adapts to any combina- 
tion. You build-up with an 8 place flat- 
top and with side arms for 4, 12 or 


This rugged flat-top unit 
shakes up to 40 Erlenmeyer 











flasks or bottles. j 16 flasks. 
@® Trademark Registered U.S. Patent Office 
Cat. No. Shaker Price 
75-765 Build-Up Wrist-Action Shaker, Size BT 259.50 
for 8 top and 8 side flasks 
75-750 Burrell Heavy-Duty Shaker, Size 40 for 400.00 
40 flasks—fiat-top only 
75-765 Build-Up Wrist-Action Shaker, Size T 230.00 
—for 8 top flasks 
75-775 | Build-Up Wrist-Action Shaker, Size BB 229.50 


—for 8 side flasks 


For 115 volts, 60 cycle, one phase. Other voltages to order. 
Prices listed are F.O.B. Pittsburgh, Pa. 


Ask for Bulletin No. 307 
BURRELL CORPORATION 


Scientific Instruments and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 
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S ORKHORSE 
FOR 
LABORATORIES 


This is an electron microscope whose only equine 
relationship is its ability to handle great quantities 
of work, month-in, month-out and yet remain rela- 
tively service free. The EM-75 is an unmatched 
instrument in the 30 Angstrom area for general 
service and screening use, process control, clinical 
procedures and as a teaching tool—primarily 
because it does not have to be pampered. It also 
has an interesting dual 
function. With few hours 
and a few parts it can 
be readily converted into 
a Projection X-ray 
Microscope providing 
morphological studies of 
opaque materials. 





The Norelco line of microscopes is extensive. 
There’s the EM-100 which can be seen wherever 
discriminating microsco- 
pists gather and also the 
EM-200 whose new fea- 
tures require pages to 
cover. Detailed informa- 
tion is available on any 
or all of these electron 
optical devices. Simply 
write Philips Electronic 
Instruments, Electron 
Optics Department, Mount 
Vernon, New York... 
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PHOTOVOLT 


& cs athe . «full scale for 0.001 microgram 
sulpha : 

® Micro-fluorimetry . . . liquid volumes down to 1 mi 

© Low blank readings . . . linear instrument e 

@ High sensitivity nephel min 

@ Fluorescence evalua ' 

__ also for spot-tests on 

© Selection of fi 


r for Bull 





n No. 392 to: 


PHOTOVOLT CORP. 


1115 Broadway ¢ New York 10,N. Y. 


Atso: pH Meters, Colorimeters, Densitometers 

















ZOOGEOGRAPHY 


Editor CARL L. HUBBS 


To the Memory of Charles Darwin 
and Alfred Russel Wallace 


AAAS Symposium Volume No. 51 
510+ x pp., 115 illus., 13 tables, 6x9, author index 
of scientific names, references, cloth 
AAAS members’ cash orders $10.50, Retail $12.00 


August 1957 Stanford Symposium: 
The Origins and Affinities of the 
Land and Freshwater Fauna 
of Western North America 
December 1957 Indianapolis Symposium: 
Some Unsolved Problems in Biology, 1957: 
.Geographic Distribution of 
Contemporary Organisms 
. . a vast storehouse of information 
. . a kinetic approach, concerned with processes 
and explanations 
. great diversity in: groups of organisms—areas 
covered—topics stressed—angle of approach 


English Agents: Bailey Bros. & Swinfen, Ltd. 
Hyde House, West Central Street, London W.C.1 


American Association for the Advancement 


of Science 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 

Electron spin resonance spectrometer 
is designed especially for experimental 
use in the physics laboratories of 
schools. The instrument consists of a 
magnet power supply; a magnetic field 
unit; a unit containing an oscillator, 
detector, and amplifier; a sample hold- 
er; and an oscilloscope display unit. 
Operating frequency is variable from 
approximately 35 to 70 Mcy/sec; a 
calibration chart is supplied. Both the 
d-c magnetic field strength and the a-c 
sweep are controlled. The sweep may 
be varied from 0 to approximately 50 
gauss (peak to peak) at 60 cy/sec. The 
sample holder accepts samples approxi- 
mately 1 cm long by 4 mm in diameter. 
Larger samples require special holders. 
Sensitivity is sufficient to provide a 
signal suitable for lecture demonstra- 
tions. (Alpha Scientific Laboratories, 
inc., Dept. Sci4i5, P.O. Box 333, 
Berkeley 1, Calif.) 


Remote-handling system includes a 
vehicle with a telescoping mast, a model 
150 mechanical arm, and an associated 
cable-linked control system. Optional 
equipment includes a remotely con- 
trolled hoist winch, dual television 
cameras, and a space microphone or 
intercom system. The handler can move 
through restricted openings and can 
work in confined areas. Minimum and 
maximum operational speeds are rated 
at approximately 8 and 100 ft/min, re- 
spectively. The vehicle travels up a 25- 
deg slope at 58 ft/min and surmounts 
minor irregularities or obstacles. Ve- 
hicle length and width are 30 and 24 
in., respectively, and retracted height 
is 45 in. Vertical reach is 96 in., and 
horizontal reach is 41.5 in. in all direc- 


tions. (General Mills, Inc., Dept. 
Sci441, 419 N. 5 St., Minneapolis 1, 
Minn.) 

Neutron generator systems are 


available in various models. A stand- 
ard system consists of a small mobile 
accelerator, a 150-kv power supply, 
and a_ remote-control console. A 
more sophisticated system offers pulsed 
operation. A radio-frequency type ion 





source with an atomic-molecular ratio 
of 90 percent is used to deliver currents 
greater than 1 ma. Controllable yields 
of 4 x 10” fast neutrons per second are 
said to be obtainable. A_ getter-type 
pumping assembly provides a vacuum 
of 10° mm-Hg. With a suitable modera- 
tor, a thermal neutron flux of 5 x 10° 
neutrons per square centimeter per 
second may be obtained. Neutrons are 
generated by the reaction D* + T’= 
He‘ + n'+ 17.577 Mev. (Nuclear-Chi- 
cago Corp., Dept. Sci431, 359 E. 
Howard Ave., Des Plaines, Ill.) 

JosHUA STERN 
National Bureau of Standards, 
Washington, D.C. 








4-SHEET, BENCH-TOP 


CHROMATOGRAPHY 
DRYING OVEN: $360 


Holds Four 18%” x 22%" Sheets. 


Provides Full View of Color Development. 


Assures Fast, Uniform Drying Action. 


Develop 4 chromatograms simultaneously in this compact drying 
oven. It is fully insulated and thermostatically controlled to quickly 


reach pre-set temperatures up to 110° C, 


Uniform drying action is 


assured by the continuous circulation of air from 


oven 
resistant. 





ing of the heavy, metal-rein- 
forced door. The stainless steel 
chamber is 


room through vents in the base. Air and solvent 
vapors are efficiently evacuated by connecting the 
oven to a water or motor aspirator accessory. The 
heating element is concealed in the base and _ pro- 
tected from droplets of combustible solvent. Safety 
glass readily permits 
observation of color develop- 
ment without repeated open-.- 


temperature reading, and 

















ae 


OVERALL DIMENSIONS: 
26” Wide x 35” High x 15” Deep. 


UNCONDITIONAL ONE YEAR WARRANTY 








WRITE FOR aN 
ew 

corrosion CATALOG | (4 
” 


COS/10271 | (SZ 





NEW BRUNSWICK SCIENTIFIC CO., INC. 


PREC! 





SION LABORATORY APPARAT 


P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 
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While Miles Laboratories is justly proud of its new Research Center recently 
completed in Elkhart, Indiana, an extension of its present research facilities, our 
organization fully realizes that a creative scientific environment must be much 
more than a new building and modern laboratory tools. 

First, there must exist a corporate philosophy that prompts bold, imaginative 
research and insures that the individual contributor is recognized and rewarded. 
Secondly, there must be the freedom that encourages frequent and continuing 
interdisciplinary exchange. Above all, there must be men—scientists who combine 
enthusiasm with true professional competence and who are interested in teaching 
as well as learning. 

At Miles Laboratories we are certain that such a creative environment already 
exists. We are also equally certain that this environment will measurably assist the 
serious scientist in achieving his professional objectives. If you are currently seek- 
ing an affiliation that will effectively utilize your previous experience, training and 
skills, you are invited to investigate these immediate openings: 


STAFF RESEARCH IMMUNOLOGIST RESEARCH BIOCHEMIST 


Will be responsible for staffing and lead- To carry out studies on metabolic effect 
ing a group of immunologists in a research and fate of new drugs. Applicants should 
program leading towards applications in possess a recent Ph.D. degree and some 
the diagnosis and treatment of diseases. experience in drug metabolism research. 


Must have a Ph.D. and/or M.D. degree 
RESEARCH BIOCHEMIST 


and several years’ experience. 


ich more 
Ina @ NeW 
esearcl 
center! 








RESEARCH CHEMIST 


To carry out synthetic organic chemistry 
Studies to provide new compounds of 
potential therapeutic interest. Must have 
Ph.D. degree and a minimum of 1-2 years’ 
synthetic organic chemistry experience. 


RESEARCH PHARMACOLOGIST 


Will supervise administration of new 
drugs to animals for determination of 
acute LD 50’s and to observe gross phar- 
macological effects. Additional responsi- 
bilities will include carrying out chronic 
toxicological studies on new compounds 
of interest. Must possess a Ph.D. degree 
and previous toxicological experience. 


Will be responsible for organizing and 
conducting a research program in protein 
chemistry, enzyme chemistry, metabolic 
chemistry, analytical biochemistry, or 
physical biochemistry. Should possess 
Ph.D. in biochemistry, microbiology or 
biology plus previous hospital or pharma- 
ceutical research experience. 


ASSISTANT RESEARCH 
PHARMACOLOGIST 


To conduct studies in screening new drugs 
and assisting in complete pharmacological 
evaluation. Should possess a B.S. in pre 
med with graduate work in physiology or 
pharmacology. 


ASSISTANT RESEARCH BIOCHEMIST 


Will be responsible for carrying out clinical chemical investigations in con- 
nection with laboratory evaluatioris of new drugs. Should possess a B.S. 
in chemistry or biology plus experience as a medical technologist. 
Inquiries May Be Addressed In Complete Confidence To: 
Dr. R. A. McCracken (Personal discussions can be arranged 
at your convenience, including Saturdays, in Elkhart, Indiana) 


MILES LABORATORIES, INC. 
and AMES COMPANY, INC." 


1127 Myrtle Street, Elkhart, Indiana 
An Equal Opportunity Employer 


*Ames Company, Inc. is an ethical pharmaceutical division of Miles Laboratories, Inc. 


Our new Research Center is located in Elkhart, Indiana, a clean, progressive city of 40,000 people. In neighborly Elkhart, schools 
are among the best in the middle west and year ’round cultural and recreational activities are only minutes from your door. 
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To . 
crOSS.- 
INFECTIONS 


HANDS — most active in distribution of INFECTION! For the manage- 
ment and handling of specimen containers requiring a label, use o 
“no-lick’’ TIME Tape or TIME Specimen Collection Label for service, o 
new advancement specified in the “Guide to Laboratory Safety’’.* 









Every dressing, every collection of 
specimen, blood, sputum, etc. requires 
hand service. Eliminate contact by 
using the satin finish, vinyl coated 
TIME Tape or Label. 

A qualified consultant will teach you 
the effective TIME procedure. 
your first step to o safer laboratory. 
Write today to Dept. RH. 


* In April 1960 issue of Lab World. 
PROFESSIONAL TAPE CO., 


> A BURLINGTON AVE. © RIVERSIDE, nL. 
Hickory 7-7 


ager to 
products. 


casts; 


It is 


INC. 





SALES MANAGER 
MEDICAL ELECTRONICS 


This position offers challenge and above- 
average salary for the aggressive and am- 
bitious qualified man. 


Dynamic, well-established research and de- 
velopment firm located in Mid-Eastern states, 
now diversifying its product line, has man- 
agerial opening for experienced sales man- 
handle 


its medical electronics 


Should be thoroughly experienced in setting 
up, directing and motivating representatives 
and distributors, and projecting sales fore- 


setting quotas and assisting in new 
product evaluation. 


Experience in selling and servicing electronic 


equipment to hospitals and members of the 
medical profession, a necessity. 


Box 207, SCIENCE 











PERSONNEL }PLACEMENT 











CLASSIFIED: Positions Wanted 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 

COPY for ads must reach SCIENCE 2 weeks 
before issue date (Friday of every week). 

DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission allowed for 
ads under 4 inches. No cash discount. 
Minimum ad: 1 inch. Ads over 1 inch 
will be billed to the nearest quarter 
inch. Frequency rate will apply to only 
repeat of same ad. No copy changes: 
Payment in advance is required except 
where satisfactory credit has been es- 
tablished. 

Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

ort 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 

















Will POSITIONS WANTED ill 


D.V.M. with M.S. degree in small animal medi- 
cine and surgery and experience in germ-free 
technology desires a_ position in industry or 
education; 2 years in small animal practice. 
Military obligations completed. ~Box 206, SCI- 
ENCE. Xx 








Microbiologist, Ph.D.; 32 years; 6 years of 
teaching and research experience. Medical and 
industrial background. Desires academic posi- 
tion with emphasis on teaching. Box 205, 
SCIENCE. x 
Translation. Foreign scientific literature rendered 
into clear, idiomatic English by chair-bound 
Science doctorate, American. Also English into 
flawless French/German. Prompt, reasonable. 
Box 204, SCIENCE. x 











Mill POStTIONS OPEN |i 





viii POSTTIONS OPEN ill 








Leading manufacturer of radiochemicals has 
an opening for a 

BIOCHEMIST 
M.S. with 3 years experience, or B.S. with 5 
years experience, to participate in a develop- 
ment and production program of the bio- 
synthesis of radioactive compounds. 
Experience in enzymology and isolation of 
naturally occurring compounds is desirable. 
Send résumé and transcript to Dr. Seymour 
Rothchild, Technical Director, New England 
Nuclear Corp., 575 Albany St., Boston 18, 
Mass. 














SYNTEX, S.A. 

P . pioneers in steroid chemistry require 
a first-class creative, dynamic, and ex- 
perienced 


STEROID PHARMACOLOGIST 


to organize and direct all aspects of steroid 
pharmacological and endocrinological re- 
search and work in close cooperation with 
the chemical and clinical research groups. 


This is a remarkable opportunity with an 
excellent salary for the right man. Knowl- 
edge of Spanish not necessary. Final loca- 
tion will either Mexico City or Palo 
Alto, California. 


Reply in confidence with full particulars to: 
Vice President in Charge of Research 
SYNTEX, S. A. 
Apartado Postal 2679 
Mexico, D. F. 
Mexico 











BIOCHEMIST 


Ph.D., to participate in research study 
dealing with peptides, proteins, and en- 
zymes; 827-bed general hospital affiliated 
with Western Reserve University. Salary 
$8955 to $10,635 depending on qualifica- 
tions. Write to Leonard T. Skeggs, Ph.D., 
Veterans Administration Hospital, 7300 
York Road, Cleveland 30, Ohio. 








| BIOLOGICAL CHEMIST 

(For southern California) 

| Position in Biological Control Section of 
established manufacturer of intravenous 
drugs and associated medical equipment. 
Develop and conduct biologic and bac- 
teriologic tests for control and research 
purposes plus supervision. Minimum bach- 
elor’s degree in biochemistry, biology or 
related field. M.S. desirable. Experience in 
biologic or pharmacologic methodology. 
Reply including résumé and salary re- 
quirement to Daniel H. Stark. 








Don Baxter, Inc. 
1015 Grandview Avenue, Glendale 1, Calif. 

















POSITIONS OPEN 
Effective 1 January 1962 


The rates for advertising in the Positions 
Open section of Science will be increased 
to $50 per inch. 
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DEVELOPMENT | 
NUTRITIONISTS 


information will be considered. 


235 E. 42nd Street 





Pfizer seeks young Ph.D.'s with good animal nutrition background to 
carry on field development assignments. Applicants must be adept 
at verbal and written communication and be willing to travel. Only 
those supplying complete personal and professional background 


All replies held in strictest confidence 


Write to: Richard C. Allen 
Chas. Pfizer & Co., Inc. 





iN, POstTioNs OPEN [iil | ili POStTIONS OPEN jill 





New York 17, N.Y 


























—BACTERIOLOGY 


Penna. 


Dr. 


DIRECTOR MICROBIOLOGY RESEARCH LABORATORIES 


e SENIOR RESEARCH MICROBIOLOGIST 
e JR. RESEARCH MICROBIOLOGIST 
Major research programs including: 


—VIROLOGY 
being expanded with new laboratories under construction at Swiftwater, 





—IMMUNOLOGY 


Direct your professional inquiries to: 
R 


ar 


Director of Research 


THE NATIONAL DRUG COMPANY 
Division of Richardson-Merrell, Inc. 
Haines & McCallum Streets, Phila. 44, Penna. 


An equal opportunity employer 


The Market Place 





DISPLAY: Insertions must be at least 1 
inch in depth. Weekly invoices will be 
sent on a charge account basis—pro- 
vided that satisfactory credit is es- 
tablished. 
Single insertion 
4 times in 1 year 

13 times in 1 year 

26 times in 1 year 


$48.00 per inch 
44.00 per inch 
42.00 per inch 
40.00 per inch 


PROOFS: If copy is to be set, and proofs 
submitted for approval, complete copy 
and cuts must be received 4 weeks in 
advance of issue date (Friday of each 
week); complete plates no later than 3 
weeks in advance of issue date. 

















Your sets and files of 
scientific journals 


tomers. 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 








' FOR UP-TO-DATE INFORMATION ON ! 
GAS CHROMATOGRAPHY 
READ AEROGRAPH RESEARCH NOTES 





free WILKENS INSTRUMENT & RESEARCH INC, 


1 

i] 

| write for your 
1 J 

{ Box 313-A ¢ Walnut Creek, Calif, 


subscription 


[l\il| SUPPLIES AND EQUIPMENT jj} 


























Bio-Medical Literature Scientists and Editors. 
B.S. (zoology) to doctorate required to assist 
in preparation of abstract journals (Cancer 
Chemotherapy Abstracts Psychopharmacology 


Abstracts) by scanning journals and abstracting 
the world literature. Solid technical training but 
no previous publishing experience required. 
Permanent positions. Industrial level salaries. Send 
résumé listing courses studied, language fluencies, 
typing ability to S. Sim Kessler, Medical Litera- 
al Inc., 108 South 22 Street, Philadelphia 3, 
a. 





GRADUATE ASSISTANTSHIPS IN 
BIOCHEMISTRY 

and research appointments leading to 
available for academic year 1962-1963. 
Modern air-conditioned building with excellent 
facilities. Wide ‘variety of research projects. 
Initial stipend. $2670 plus tuition and fees to 
total of $3400 for 12 months. Dr. R. Bentley, 
Acting Chairman, Department of Biochemistry 
and Nutrition, Graduate School of Public 
Health, University of Pittsburgh, Pittsburgh 13, 
Pennsylvania. 1 10 


Teaching 
Ph.D. 





UNIVERSITY OF CAPE TOWN 
VISITING PROFESSORSHIP IN 
OCEANOGRAPHY 
Applications are invited for the post of Visiting 
Professor of Oceanography at the University of 

Cape Town. 

The salary is R5000 (£2500) per annum. A 
special traveling allowance will be paid in 
terms set forth in the memorandum referred to 
below. 

The University desires to make an appointment 
from 1 July 1962, and in the first instance the 
appointment will be for 1 year. By mutual agree- 
ment the period may be extended for two further 
years, and may thereafter be made permanent. 

Two copies of the application stating re- 
search experience, publications, and the names 
of at least two referees, should be sent to the 


Secretary, Association of Universities of the 
British Commonwealth, Marlborough House, 
Pall Mall, London, S.W.1. (from whom copies 


of the memorandum giving further details about 
the post should be obtained) by 31 December 
1961. A third copy of the application should be 
sent (by airmail if necessary) to the Registrar, 
University of Cape Town, Private’ Bag, 
Rondebosch, Cape Town, South Africa, to reach 
him by the same date. 


It is essential that the program of research 
which the applicant proposes to undertake 
while at Cape Town should accompany his 
application. 


Details of research facilities in marine science 
and the duties of the visiting professor are set 
out in the above-mentioned memorandum. 

The University reserves the right to appoint 
a person other than one of the applicants or to 
make no appointment. x 





FACULTY OF AGRICULTURE 


The University of Alberta invites applications 
for a position in the department of animal science 
as assistant professor (poultry genetics) at a 
starting salary of $7400 with excellent prospects 
for advancement. Candidates must have a Ph.D. 
or equivalent in poultry genetics. The appointee 
will be expected to develop a research program 
in poultry genetics and to carry some teaching 
responsibilities. 

Forward applications, accompanied by a recent 
photograph, curriculum vitae, transcript of aca- 
demic record, and names and addresses of three 
references to the Head, Department of Animal 
Science, University of Alberta, Edmonton, Al- 
berta. Closing date: 1 January 1962; duties to 
commence as soon as possible thereafter but not 
later than 1 July 1962. 


‘iii! —FELLOwsHres __ iil 


EDUCATION AND RESEARCH IN 
BIOMEDICAL ENGINEERING 


An educational program designed to prepare life 
and physical scientists, doctors of medicine, and 
engineers for research in life systems through 
the current period of transition of biological 
sciences from the natural history stage of inquiry 
by inductive empiricism to that of inquiry by 
deductively formulated theory. An intensive four- 
term (12-month) preparation in methods of log- 
ical thought, mathematics, physics, and electrical 
theory for doctors of medicine and _biologisis, 
and a one-term (3-month) preparation in life sci- 
ences for engineers, makes possible joint course 
work in the final three terms (nine months). 
Thesis research on biological systems is conducted 
at the Presbyterian Hospital by teams drawn 
from both disciplines. The program leads to a 
graduate degree at Drexel. Limited stipend and 
scholarship funds are available. Assistance with 
fellowship application to National Institutes of 
Health is offered. For.information: 


James W. Dow, M.D. 
Department of Biomedical Engineering 
DREXEL INSTITUTE OF TECHNOLOGY 
15 North 32 Street 
Philadelphia 4, Pennsylvania 














Postdoctoral Fellowship in Biochemistry, in- 
volving blood proteins, available immedi- 
ately. $6000 to begin, partially tax free, 
no tuition. For further information write 
to Assistant Director for Education, Office 
of Education, 
The University of Texas 
M.D. Anderson Hospital and Tumor 





nstitute 
Texas Medical Center, Houston 25 
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YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods “SS 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 


iil BOOKS AND MAGaziNEs Jill 


are needed by our library and institutional cus- 
Please send us lists and description of 














¢ HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8169 South Spaulding Ave., Chicago 29, Ill. 








1919 - 1961 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 
Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 

















Controls Handbook Dept. H 
CHARLES RIVER *CD-1 
® (Caesarean-derived) S 
@ ano T 
EC Ci 
SWISS ICR E 
Hypophysectomies available S 
THE CHARLES RIVER 
“turk MOUSE FARMS S 





1018 Beacon St., Brookline 46, Mass., RE 4-2000 


De You Need: 
Cellex Cellulose Ion 


Exch ers? 


(For fractionation of proteins, nucleic acids, end enzymes) 
ASK FOR PRICE LIST SCX 
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Ts [CaN era te ene. 
0% SQUALANE ETHYL Chromatograms of identical samples analyzed 10% SQUALANE ALCOHOL 
; 50° KETONE by Perkin-Elmer Model 154-D Vapor Fractom- 0.1% ALKATERGE T 
eter. Note marked reduction in alcohol tailing 50°C. a 
and improvement in peak shape when small TO 
amounts of surface-active agents are added to BENZENE 
liquid phase of capillary column. Sample mix- 
| ba ture contains 40, 20, 10 and 5 parts by volume, 
START respectively, of ethyl alcohol, methyl ethyl CYCLOHEXANE START 
ketone, benzene, and cyclohexane. J 
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NEW DISCOVERY REDUCES SAMPLE TAILING 
IN GAS CHROMATOGRAPHY 


With a new technique! discovered by Perkin-Elmer, maker 
of the widely-specified Model 154-D Vapor Fractometer, 
you can now use non-polar liquid column substrates to ana- 
lyze polar sample mixtures by gas chromatography. Until 
now, severe “tailing” had made this type of GC analysis 
impractical, though frequently desirable. 

Perkin-Elmer’s Dr. Warren Averill? has found that highly 
polar surface-active compounds, added to the column’s liquid 
phase, solve the problem. As the chromatograms above show, 
small amounts of these materials in the liquid phase reduce 
“tailing,” improve peak shapes, and give better quantitative 
results. 

This break-through is another example of the capability 
that has made Perkin-Elmer foremost in the field of instru- 


Perkin-Elmer is a registered trademark of the Perkin-Elmer Corporation. 


mentation for gas chromatography. P-E’s Model 154-D 
Vapor Fractometer, the most widely-used of any commercial 
laboratory gas chromatograph, provides the serious investi- 
gator with the broadest available range of standard columns 
—both packed and Golay3; with a choice of detectors— 
thermal conductivity and ionization; and with analytical 
flexibility through accessories such as the new Model 222 
Temperature Programmer, and the Micro-Reactor for lab- 
scale catalyst investigations. Accurate quantitative analysis 
is made routine and rapid with the Perkin-Elmer Model 194 
Printing Integrator. 

For more details on the availability of these new columns 
as well as our complete line of instrumentation—including 
complete literature and fractograms—write today. 


INSTRUMENT Diviston 


Perkin-Elmer Gyno 


NORWALK, CONNECTICUT 


1. Patent applied for. 2. Averill, W., 1961 International Gas Chromatography Symposium. 1.S.A., Michigan State University, East Lansing, Mich., June 13-16, 1961. 3. U.S. Patent No. 2,920,487. 





Serum, Plasma or Urine 
determinations... quickly 
and accurately... from 


with the new 


5) TS" meter 


(a Goldberg Refractometer) 


The new AO TS Meter requires just one drop 
of sample to provide immediate, accurate deter- 
minations of total solids, specific gravity, refrac- 
tive index, protein concentration or water 
concentration in serum, plasma and urine. 


Minute Sample Required: As little as 0.02 ml 
of sample is sufficient for the most precise deter- 
mination. Minute sample previously reported 
“q.n.s.” now can be read routinely for example, 
in pediatric urinalysis, in oliguric patients, and 
in collection from ureteral catheters or micro- 
hematocrit tubes. 


Temperature-Compensated for Unsurpassed 
Accuracy: The AO TS Meter provides auto- 
matic temperature compensation for all aqueous 
solutions. Differences in room, instrument or 


sample temperatures do not affect readings. 


Error from these sources is reduced to less than 
0.1% over the range of 65° to 95°F. Readings 
are consistently obtained with a degree of accu- 


racy, speed and reproducibility significantly 
better than those obtained with urinometers, 
the falling-drop method or with instruments 
uncompensated for temperature. 


Direct Readings: You make an inimediate 
analysis directly from the built-in scale... 
without references to graphs, tables or ther- 
mometer readings. Two models are available. 
Model 10400 provides determinations of total 
solids in plasma or serum and urine specific 
gravity; model 10401 gives readings of protein 
concentration and refractive index. 


*Total Solids Meter. The AO TS Meter and 
this method of analysis was developed in close 
cooperation with Dr. A. V. Wolf, Head of the 
Department of Physiology, University of 
Illinois, College of Medicine, Chicago, IIl. 


Write for complete information! 


American ©) Optical ----- 


COMPANY 


Dept. X-4 
Gentlemen: 


AO TS Meter. 


Name 


INSTRUMENT DIVISION, BUFFALO 18, NEW YORK 


Please send Brochure $B10400~with complete information about the new 
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Toronto, Ontario 
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